ine 


es 


/ DOES NOT CIRCULATE 


Journal of 


Forensic Medicine 


ee ICAL 


mee 


Breath Tests for Alcohol—EDITORIAL 249 


Suicide and Attempted Suicide—£. STENGEL AND N. G. COOK 252 


The Teddington Towpath Murders—a. KEITH MANT 260 


Barbiturate Poisoning—P. R. v. d. R. COPEMAN 271 


Medical Negligence—L. D. KIRSCH 284 
Human Fat—j. D. KIDD 294 
Polarography: Plumbism—CHARLES D. PROCTOR AND Y. T. OESTER 301 
Alcohol Production Post Mortem—H. GORMSEN 314 
Medico-Legal Notes and News—Anaesthetist’s Liability 316 


Reviews of Books 318 


VOL. I: NO. §: JULY-SEPTEMBER 1954: PRICE 12/6: ANNUAL SUBSCRIPTION 42/- 


Published Quarterly by Juta & Co. Ltd., P.O. Box 30, Cape Town 


Trinsicon 


FORMULA: 


concentrated 
blood-building power 
in the anemias 


(Hematinic Concentrate with Intrinsic Factor, Lilly) 
new potency... 
new economy... 
new convenient dosage 


DOSAGE: 


Special Liver-Stomach Concentrate, Lilly 
(Containing Intrinsic Factor)...... 300 mg. 


Vitamin Bi (Activity Equivalent)..... 15 mcg. 
Ferrous Sulfate, Anhydrous.......... 300 meg. 
Ascorbic Acid (Vitamin C)............75 mg. 
Folic Acid... cccccccccccccccccccccccccccced Ms 


TWO PULVULES A DAY FOR AVERAGE CASE 
OF PERNICIOUS OR NUTRITIONAL ANEMIA 


in convenient bottles of 30, 60 (thirty days’ 
supply), and 500. 


EL! LILLY INTERNATIONAL CORPORATION, INDIANAPOLIS 6, INDIANA, U.S.A. 


Journal of Forensic Medicine 


1(5)ii 


Journal of Forensic Medicine 
P.O. Box 30 + Cape Town + South Africa 
Sponsored by the South African Medico-Legal Society 


Editor: H.-A. Shapiro, Ph.D., M.B., Ch.B., F.R.S.S.Af. 


Breath ‘Tests for Alcohol 


The increasingly important role of alcohol in traffic accidents and crime 
has stimulated the search for a simple, objective test which would assist 
the Court in exculpating the innocent and convicting the guilty. 

Since alcohol produces its effects by its action on the brain, a chemical 
test (which measures precisely the amount of alcohol in the blood circu- 
lating through the brain) would be ideal for judicial purposes. [lowever, 
for various reasons it is not possible, in most countries, to take blood samples 
without the legal consent of the accused person. Recourse has therefore 
been had, in certain parts of the world, to tests which purport to fulfil the 
function of an actual blood test by indicating indirectly the amount of 
alcohol in the blood. For this purpose the expired air has been claimed as 
ideal and infallible. 

A vast amount of investigation has produced various ways of carrying 
out this measurement on the breath, e.g. the Drunkometer, the Alcometer 
and the Intoximeter. ‘These methods are offered as simple ways of doing the 
examination on the spot, if necessary. 

The use of these techniques may appear to have gained a certain sanction 
from a statement recently issued by the Committee on Tests for Intoxication 
of the National Safety Council (Chicago). The statement, which apparently 
reflects consideration of the blood-breath alcohol ratio over a period of 
some 3 years, reads in part: ‘. . . tests made on the Alcometer, the Intoximeter 
and the Drunkometer, if conducted in the manner prescribed by the authors 
of the respective methods, will give comparable and reliable results for 
estimating the concentration of alcohol in the blood’.! 


1. Current Notes (1953): Blood-Breath Alcohol Ratio, Quart. J. Stud. Aleoh., 14, 359. 
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It must be recognized at the outset that these tests do not measure the 
actual alcohol itself, i.e. they are not specific tests. They make use of certain 
non-specific reactions produced in the testing medium by various substances, 
inter alia alcohol. It is therefore essential that the premises on which the 
test is based must not be open to any serious error which may prejudice the 
innocent or impair the course of justice by giving false results. On this score 
the experts are most seriously divided. 

Basic to all these breath tests is the assumption that the alcohol content of 
the air as it leaves the very depths of the lung always corresponds exactly 
to the amount of alcohol in a fixed volume of blood. Rabinowitch, however, 
maintains there are serious errors in this assumption alone, and that large 
errors cecur also because of the further assumption that this air contains a 
fixed percentage of carbon dioxide (an alleged fact relied on to calculate the 
alcohol percentage accurately).? He has further maintained that the Drunko- 
meter is particularly liable to be fallible in cases involving higher concen- 
trations of alcohol. His considered opinion is that ‘it cannot be stressed too 
often nor too strongly that this test has inherent in it such serious errors 
that it has no place in medico-legal investigation, if the purpose is to convict 
for drunkenness and not merely for drinking’.* 

Any test relying on the breath as the indirect index of the state of the blood 
is severely vitiated in several other ways: 

1. False results may occur because alcohol may be retained between the 
teeth or between dentures and the palate or the gums. 

2. The sucking of menthol-containing pastilles will produce false read- 
ings which can be mistaken for alcohol. 

3. Belching will release alcoholic vapours into the mouth and so quite 
erroneously raise the alcohol level as measured in any breath test. 

4. Prof. L. Goldberg (of the Karolinska Institute, Stockholm)! considers 
that the relation between the alcohol in the lung air and in the blood is not 
constant. There may be a difference of 100°%,, especially during the phase 
of absorption of alcohol into the blood from the stomach and intestines. 

5. Prof. Erik Wolff (of the State Laboratory for Forensic Chemistry, 
Stockholm) is of the opinion that instruments such as the Drunkometer 
are not reliable after having been in use for some time and cannot be used by 
untrained persons.° 

6. The alcohol concentration in the breath is materially influenced by 
the depth of breathing.® To establish any true relationship with the blood 
alcohol level, the air to be collected must be taken at the end of an especially 


2. Rabinowitch, I. M. (1953): Chemical Tests for Alcoholic Intoxication, Canad. Bar Rev., 31, 
1070, 1190, 
3. Rabinowitch, I. M. (1951): Blood Alcohol Levels and Intoxication, Canad. Med. Assoc. }., 
65, 72. 
. Goldberg, L. (1951): Personal communication. 
. Wolff, E. (1951): Personal communication. 
. Newman, H. W. (1941): Acute Alcoholic Intoxication, Stanford University Press. 
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deep expiration (to obtain a sample truly in contact with the minute blood 
vessels in the depths of the lung). There are obvious difficulties about ob- 
taining this kind of co-operation from arrested persons. 

7. In the official publication of the British Medical Association entitled 
The Recognition of Intoxication (quoted by Rabinowitch) only one crisp sen- 
tence is devoted to breath tests. This reads: ‘Expired air is not a good 
medium for an estimation.”? 

8. In addition to the many assumptions made in the breath test is the 
fact that the marked differences which occur between breath and blood levels 
have been smoothed out by statistical treatment of the results. We can 
strongly endorse Rabinowitch’s views on this point, which have been put 
very tersely and cogently by him as follows: 

“The parallelism between blood and breath alcohol is a s/a/istical conclusion and, there- 
fore, being a statistical conclusion, it may or may not apply to a particular individual at a 
particular time. It is not a collection of statistics, but a particular individual, who is charged 
with having been intoxicated or with driving while the ability to drive is impaired.”* 

There seems very little indeed that the breath test can usefully and reliably 
accomplish. Its only very limited role (which would not meet with trenchant 
scientific criticism, provided the non-specificity of the chemical reaction is 
remembered) would be its employment as a screening test to establish 
qualitatively whether there is alcohol in the breath. In this respect it may have 
distinct advantages over the entirely subjective evidence dependent on a 
police officer’s sense of smell. 


7. Rabinowitch, I. M. (1954): Chemical Tests for Alcoholic Intoxication, Canad. Bar Rev., 32, 
243 
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Recent Research into Suicide and Attempted Suicide 


Ei. Stengel, M.D., M.R.C.P.* 
and 
Nancy G. Cook, A.M.LA4 


The Institute of Psychiatry, University of London, London 


Suicide is one of the most important problems for those engaged in 
forensic medicine. Jt obviously has a great variety of aspects, only some 
of which are medical. Considering the ubiquity of suicide one may be 
inclined to accept it as an inevitable phenomenon. But it is difficult to 
maintain this attitude once one turns from statistical data to the individuals 
concerned. In retrospectively viewing suicide as the climax of a crisis 
in an individual, one cannot help feeling that most suicides were far from 
inevitable. This impression is even strengthened if one studies the so-called 
unsuccessful suicides. The position of suicide among the causes of death 
can be compared to that of accidents. While it appears inevitable for a 
certain proportion of people to meet death through accident, most of the 
individual accidents appear to have been avoidable, and only a fraction of 
the victims is killed. This is why both the accident and the suicide rate 
are such a challenge for everybody concerned with their reduction. They 
seem equally difficult to reduce by planned action. 

It is generally accepted that the incidence of suicide depends to a great 
extent on social factors and we owe much to the work of sociologists in 
this field. The most outstanding book on the subject is still the monograph 
written by the French sociologist Durckheim in 1897 and only recently 
translated into English.!- Others have added to his work and there is now 
a considerable body of knowledge of the causes of suicide from the point 
of view of sociology, social medicine and social psychiatry. Gruhle ? stated 
them very well when he distinguished between factors which contributed 
to an increase and those which made for a decrease of the suicide rate. 
To the first group belonged economic crisis, high density of population, 
employment in industry, residence in large towns, certain professions such 
as domestic service, Protestant religious affiliation, increasing age, widow- 
hood, divorced state, childlessness, alcoholism, psychopathic personality and 
psychosis. Among factors leading to a reduction of the suicide rate he 
found permanent emotional ties, favourable economic circumstances, low 
density of population, rural occupation, Roman Catholic religious affiliation, 
youth, the married status and a large number of children. He found that 
in his material, mental illness was responsible for not more than 10-20% 
of suicides. A higher standard of living, an over-aged population and 
* Reader in Psychiatry in the University of London; Honorary Physician, Bethlem 


Royal Hospital and the Maudsley Hospital. 
+ Psychiatric Social Worker. 
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frequency of divorce made for a higher suicide rate. A high incidence of 
crimes of violence is known to be correlated with a low suicide rate. 
Such striking differences of rates which exist between Denmark, with 18 
suicides to 100,000 of the population, and Norway with only 5.8, have 
been regarded as due to the difference in the density of the population. 
Gruhle’s observations are representative of those made by a great number 
of investigators on the European continent. They are still capable of 
elaboration and refinement. ‘This is illustrated by the ecological study 
recently carried out by Sainsbury in this Institute. 

Sainsbury 4 investigated the statistical correlations between the suicide 
rates of the 28 London boroughs and certain indices of their social character- 
istics. Suicide rate was the number of suicides among the resident 
population aged 14 and over in 100,000. The highest rate was found in 
that quartile of London which included all the West End boroughs, i.e. 
those with the highest standard of living. They contributed 399% instead 
of the expected 259% of the total. The quartile with the lowest suicide 
rate was one with a working class population. The borough rates varied 
from 35.9-13.L per 100,000, the rate for the whole administrative county 
of London being 19.3. 

The following social data relating to the individual boroughs were 
correlated with their suicide rates: 

1. Measures of social and economic status; 

2. Measures of social isolation; 

3. Measures of social mobility; and 

4. Measures presumptive of social disorganization. 

The boroughs had been rated for these items in the 1931 census and in 
the New Survey of London Life and Labour. None of the measures of 
social and economic status (ratings for poverty, unemployment, overcrowd- 
ing ctc.) showed a significant correlation with the suicide rates. Measures 
of social isolation (number of persons living alone and in boarding houses 
and hotels, number of persons occupied as lodging-house keepers) correlated 
significantly with the suicide rates. Significant correlations were also 
obtained between suicide and social mobility which was calculated on the 
basis of the percentages of persons entering and leaving the boroughs daily, 
of foreign-born and of immigrants to the boroughs. Divorce and illegiti- 
macy rates were taken as measures of social disorganization. They correlated 
highly and significantly with the suicide rates. 

Having obtained correlations between a variety of social factors and 
suicide, Sainsbury proceeded to probe their validity by surveying a serics 
of actual cases of suicide in a selected area of London. The area was that 
served by the Coroner for North London, comprising 5 boroughs; 409 
cases of suicide had come to the Coroner’s notice during 1936 to 1938. 
The highest suicide rate was found in Hampstead, which is the borough 
with the least poverty in London, with a high proportion of immigrant and 
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foreign-born persons. It was also the borough with the highest proportion 
of persons occupied in the professions and commerce. Overcrowding was 
not significantly correlated to the suicide rate, but unemployment was. 
The important role of social isolation was confirmed by the study of the 
case material; 27% of the total had been living alone, while among. the 
population of those boroughs only 7% were thus classified. 

The case material was further analysed according to the role which the 
various factors appeared to play in the causation of the suicides. Social 
circumstances seemed to be the principal factors in 37%, mental disorder 
in 37% and in an additional 179 the personality appeared to have been 
abnormal. In 18% physical illness had been a leading motive. Personal 
difficulties appeared to have played a decisive part in 209%, but this was 
obviously an underestimate. Among the methods employed in London coal 
gas headed the list, next in order were poisoning, jumping and drowning. 
Violent methods (hanging, cutting, firearms) were used by 23% of the 
males and 8% of the females. In the country as a whole drowning and 
hanging headed the list. 

This research was concerned with the suicide rates before the war. 
These showed a marked decline during the war. This phenomenon has 
been observed invariably ever since suicide rates have been computed. It 
is interesting that the drop has been observed not only in the belligerent 
countries but also in the neutral ones bordering on them. The decline 
of the suicide rate in wartime has been regarded as due to the closer 
social ties between individuals, but also to the greater opportunity for 
releasing aggression. 

The significance of Sainsbury's study for social psychiatry has been 
fully considered by Aubrey Lewis.’ Investigations of this kind not only 
reveal geographical areas where unhealthy social conditions prevail but they 
also indicate the nature of the social remedies called for. However, from 
the point of view of clinical psychiatry, which is concerned with individuals, 
such studies are bound to be somewhat frustrating as the psychiatric data 
obtainable are scanty and their relevance to the understanding of the crisis 
in an individual which resulted in suicide is often doubtful. This is the 
reason why, if we want to learn more about suicide, we have to turn to 
the living witnesses, the so-called unsuccessful suicides. They are generally 
looked upon as the people who bungled their suicides and they have not 
received sufficient attention from the psychiatric and sociological point 
of view. There are many questions concerning attempted suicide which 
are worthy of study, such as the relationship between suicide and attempted 
suicide, and several other problems. Some of them were the subject of an 
investigation carried out by us in co-operation with Dr. I. S. Kreeger at 
the Institute of Psychiatry in London.* 


* We are indebted to the Board of Governors of the Bethlem Royal Hospital and 
the Maudsley Hospital for a grant which made this research possible. 
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The Relationship between Suicide and Attempted Suicide 


The reliability of the suicide rates has often been questioned, but their 
inaccuracies seem to be constant. They can be regarded as indicators of the 
incidence of suicide. The value of rates of registered suicidal attempts is 
much more questionable. For many obvious reasons it will never be 
possible to establish the incidence of attempted suicide among the general 
population. The tendency to conceal them will be even stronger in 
countries such as England where atttempted suicide is still a punishable 
offence even though only a small minority of cases is actually charged 
and prosecuted. Nevertheless, we get to know of some of them, especially 
of those admitted to a general or mental hospital following the attempt. 
A proportion of suicidal attempts comes to the knowledge of the police, 
who keep a register of attempted suicides. Such registers illustrate how 
great the difficulties of establishing the incidence of suicidal attempts are. 
In the Metropolitan area of London, with a population of over eight 
million, the number of suicidal attempts known to the police is usually 
below that of the suicides, which clearly indicates that it represents no 
more than a fraction of the real incidence. For example, in 1946 the 
number of suicides in the Greater London area was 732, and the number 
of registered attempts was 695. The Statistical Department of the Metro- 
politan Insurance Company of New York have ventured the guess that 
the number of attempted suicides is about 6 or 7 times as great as that of 
suicides. Applied to Greater London, this would mean that in 1946 about 
5,000 people might have attempted suicide, a very conservative figure which 
probably errs on the side of underestimation. It is noteworthy that 
wherever the rates of suicidal attempts and suicide have been compared, 
the relationship has been similar to that found in London. The rates 
of attempted suicide available cannot therefore help us in the study of the 
relationship between the two groups. Other avenues have to be explored. 
Two questions seemed worthy of enquiry. Firstly, how many of those 
who have committed suicide have made suicidal attempts previously; and 
secondly, how many of those who have made suicidal attempts finally 
commit suicide? 

Ad 1. The question has occasionally been investigated. The limitations of 
the information available do not allow us to regard the results as more than 
approximately valid. Sainsbury found that in 99% of his cases of suicide 
in North London during 1936 to 1938 a previous suicidal attempt had 
been recorded. When the suicides registered in the same area in 1953 
were surveyed by us, a somewhat higher proportion was found: 16 out of 
119 cases, i.e. slightly more than 139. It was-impossible to say whether 
the difference was due to a higher incidence of attempted suicides among 
this material, or to a more searching method of interviewing. Other 
investigators have found figures slightly higher or lower. At any rate it 
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can be taken as established that only a minority, usually a small minority, 
of persons who kill themselves have attempted suicide before. — This 
result suggests that the people who commit suicide and those who attempt } 
suicide constitute two different populations which, however, tend to overlap. 

It is well known that the two groups differ in several other respects: among 
suicidal attempts women are in the majority, while men prevail among the 
suicides. The representation of the various age groups is different among 
the two groups, and so are the methods. 

Ad 2. How many of those who have attempted suicide finally kill 
themselves? This question is much more difficult to answer than the 
first, as we have access to only a fraction of relevant case material and 
none of the groups available can be regarded as representative samples of | 
all those who have attempted suicide. Nevertheless we can expect some | 
information from such studies, especially if several groups of different 
character are investigated. 

Follow-ups of Suicidal Attempts. (a) All patients admitted to a London 
Mental Observation Ward because of attempted suicide from 1 February 
1946 to 31 January 1947, 138 in all, were followed up in 1951 and 1952; , 
74 were male and 64 female. Seventy-two were suffering from a psychosis, : 
while in the rest the suicidal attempt had been in the nature of a neurotic 
or psychopathic reaction to a stressful situation. After 5 years, 35 had 


| 
died, 18 were in mental hospitals, 80 were out of hospital and 5 were . 
untraced. Of those who had died only one had killed himself. This | | 
follow-up was reported in greater detail by Stengel. | 
(b) All patients admitted to Bethlem Royal Hospital and the Maudsley & 
Hospital in 1949 because of suicidal attempts (72 in all) were followed | 
up 3 years later. The two hospitals together form the London post- 
graduate teaching hospital with which the Institute of Psychiatry is closely | 
associated. Three years later two of the patients of this group had killed 
themselves. 
The resule of these follow-ups over several years is only of limited 
value. Probably a higher number of suicides would have been found had ) 
the period which had clapsed after the suicidal attempt been longer. The 
incidence of previous attempts among suicides referred to above suggests 
that the proportion is generally higher than our follow-ups would suggest. | 
But they tend to support the impression that only a small proportion of 
those who attempt suicide finally kill themselves. They also demonstrate | 
the existence of the two populations. The most important comparable | 
follow-up of suicidal attempts is that of Dahlgren in Sweden. He found t 
that of 230 people who. had attempted suicide, 6% killed themselves within i 
4 years. His group was different from ours and there was a considerable | 
proportion of alcoholics among them. ‘ 
Suicidal Act and Mental Illness. Ve is often believed that suicidal acts ‘ 
carried out by patients with a genuine, non-hysterical mental disorder are iz 
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as a rule more dangerous than those undertaken by hysterical individuals 
and others. Our investigation did not bear this out. Frequently suicidal 
attempts made by patients suffering from severe psychotic depression were 
of such a nature that, had they been carried out by notorious hysterics, they 
might have been regarded as typical examples of insincere demonstrations. 
The apparent degree of seriousness of a suicidal attempt cannot therefore 
be taken as a diagnostic aid. 

Methods. The methods employed by those who committed and those 
who attempted suicide differed in that among the first group the most 
frequently employed methods were gassing, drugging, jumping and drown- 
ing in order of frequency; while among the second group drugging headed 
the list. It is not intended to deal with this subject in greater detail here 
as our findings only confirmed what is generally known. 


The Social Aspects of the Suicidal Attempt 


If one views suicidal attempt as a behaviour pattern and considers its 
social aspects, several interesting features emerge. Firstly, in the majority 
of cases a warning of the suicidal intention, which usually takes the form 
of an expressed threat or a casual reference to suicide, had been given but 
had gone unheeded. In many instances this could be established only 
through careful enquiry. This observation proves that the widely held 
belief that people who threaten suicide do not attempt it, is erroneous. 
Secondly, in the suicidal attempt, by which we always mean the unsuccessful! 
one, the contact with fellow beings is as a rule not given up, with the 
result that they are in a position to intervene. There is reason for assuming 
that most attempts have a hidden appeal character, i.e. in the constellation 
of the patient’s behaviour a call for help can be discerned. But most 
attempts have the character of a gamble, the outcome of which depends 
on chance. They seem unwittingly arranged in such a way that the prospects 
of survival are not inconsiderable. Such an outcome is almost invariably 
accepted for the time being and further attempts are rarely made immedi- 
ately, even if there is no lack of opportunity. The outcome of the attempt 
is accepted like that of a trial by ordeal in mediaeval times. 


The Effects of the Suicidal Attempt on Human Relations 


Peculiarly enough, the question has never been asked what suicidal attempts 
achieve. This is a pertinent question considering that in the causation of 
both suicide and attempted suicide difficulties in human relations have 
been regarded as very important. What happens to these difficulties after 
the suicidal attempt? Are they modified or are they accepted? On examin- 
ing this problem one finds that in many cases the suicidal attempt results 
in a change of the social situation of the individual. The apparently 
simplest and most striking, and often most far-reaching, change takes place 
when the person is transferred to hospital to remain there for some time. 
In other cases the relationship to their group is found to undergo consider- 
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able changes. Sometimes precarious human relations are consolidated, 
sometimes they finally break up as a result of the suicidal attempt, occasion- 
ally to the benefit of all concerned. Thus the suicidal attempt can be 
recognized as an act of considerable social consequence. It is clear that 
the more profound the changes ensuing from suicidal attempts are, the less 
likely is its repetition, at least for some time. One of the functions of the 
suicidal attempt is that of an appeal to society. If that appeal, which is 
usually unconscious, is heard and understood, the suicidal attempt has ful- 
filled one of its functions. This appeal character has hitherto been regarded 
as a feature in the suicidal attempts of hysterical individuals only. Our 
investigations have demonstrated beyond doubt that it is inherent in most 
suicidal attempts irrespective of the mental state and the personality of 
the person carrying it out. 

There are other functions of the suicidal attempt which on this occasion 
can only be hinted at, such as that of the discharge of self-destructive 
tendencies directed or diverted against the self. Where that diversion 
does not take place, acts of aggression against external objects, animate or 
inanimate, may occur. This explains why there is an inverse relationship 
between the incidence of suicide and crimes of violence in a given area. 
Probably the decrease in the incidence of suicidal acts during wartime is 
associated with that relationship between aggressive tendencies directed 
outwards and self-destructive tendencies. 

Suicidal attempts are not infrequently followed by a marked and some- 
times dramatic improvement of the depressive state. This is particularly 
noticeable when they are associated with unconsciousness, e.g. in cases of 
carbon monoxide poisoning. The view has been expressed that in those 
cases the mechanism of improvement or recovery is identical with that of 
shock treatment. However, improvement has also been observed without 
disturbance of consciousness when the mechanism underlying the change 
was most probably psychological. 

There are many more problems concerning suicidal acts, but they will 
not be discussed here. It has been the writers’ intention to confine them- 
selves to recent research work carried out in the Institute of Psychiatry in 
London. Readers interested in other aspects of the problems are referred 
to a review published by one of us (Stengel) in 1950.5 

The question may be asked whether the study of attempted suicide can 
make a contribution to the reduction of the suicide rate. The answer is that 
a better understanding of suicidal acts will in the long run enable us to 
reduce their incidence. Even if the frequency of suicidal attempts only can 
be reduced, this would be no mean achievement. Suicidal attempt is by 
itself a highly disturbing, dangerous and costly behaviour pattern. Its 
reduction is bound to reduce the suicide rate, because those who have made 
suicidal attempts are potential candidates for suicide although the likelihood 
of such a development has been overestimated. Nevertheless, it must not 
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be overlooked that among those who killed themselves, people who had 
attempted suicide were found to be much more highly represented than 
those who had not done so. 

Clinicians have often tried to establish criteria which would be of 
assistance in predicting suicide in certain types of mental disorder, but 
no reliable guide has so far emerged. The main reason for the difficulties 
in prediction lies not only in the uncertainty whether or not a patient will 
commit a suicidal act, but whether that act will take the form of a suicidal 
demonstration, a suicidal attempt or of suicide. Our observations have 
shown that the nature and the seriousness of the mental illness is no 
criterion. There is still room for refinement of clinical observation, but it 
remains doubtful whether we shall ever be able to predict precisely what 
suicidal action an individual is going to take. However, our studies, which 
are still continuing, promise to throw light on the meaning of the suicidal 
attempt in our society. This should in time result at least in a reduction 
of the incidence of suicide among those who have attempted it. We are 
at present trying to find out whether the fact that so very few among the 
two hospital groups of suicidal attempts followed up by us later killed 
themselves is not due to their having been admitted to hospital and 
having received psychiatric treatment. If this should be established, it 
would be an observation of considerable practical importance. 


Conclusions 


Recent research into suicide and attempted suicide has been reported, with 
special reference to work carried out in the Institute of Psychiatry in 
London. 

An ecological study by Sainsbury demonstrated the correlations between 
the suicide rates of certain areas of London and their social characteristics. 
The validity of those correlations was confirmed by a study of a large 
series of consecutive suicides. 

Other investigations were concerned with attempted suicide and _ its 
relationship to suicide. It was established that those who attempt and 
those who commit suicide constitute two different populations which tend 
to overlap. 

The results of follow-up investigations of two groups of persons who 
had attempted suicide have been reported. 

The social and psychological consequences of the suicidal attempt on the 
individual and his human environment have been studied. 
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The Teddington Towpath Murders 


R. v. Whiteway, A. C. 


A. Keith Mant, M.D. (Lond.) * 
Department of Forensic Medicine, Guy’s Hospital Medical School, London 


At about 9 a.m. on 1 June 1953, Coronation Eve, the body of a partly 
clothed 16-year-old girl, who was later identified as Barbara Songhurst, was 
recovered from the River Thames near Teddington Lock. At the time of 
her recovery some suspicion was attached to a wound on her left cheek, 
but it was considered that this injury could have been sustained during a 
fall into the river. Later examination revealed she had been murdered and 
sexually assaulted. 

Five days afterwards, on 6 June, the body of her companion on the even- 
ing of 31 May, Christine Reed, aged 18 years, who had not been seen since, 
was recovered from the Thames about 2 miles further downstream, having 
been similarly murdered and sexually assaulted. 

There were many points of forensic interest arising out of this double 
murder—both in respect of the 2 victims, and in respect of the crime 
itself. In order that the events may be taken in chronological order, each 
case will first be discussed with its individual points of medico-legal interest. 


1. Examination of Barbara Songhurst 


Barbara Songhurst was first examined shortly after midday on 1 June— 
some 3 hours after recovery from the River Thames. The rectal temperature 
was recorded immediately and an external examination was carried out with 
the minimum of disturbance to the body. Ample evidence of foul play 
was elicited from this examination: 

1. The panties, which had been torn across the crutch, were up around the upper 
abdomen. The slacks or ‘ jeans’, although unfastened, were approximately in their 
correct position (Fig. 1). 

2. The deep incised wound of the left upper cheek (Fig. 2) could not be reconciled 
with a fall on to some hard object. Furthermore blood had run down from this 


* First Assistant in the Dept. of Forensic Medicine, Guy’s Hospital, London; 
Lecturer in Forensic Medicine, Guy’s Hospital Medical School, University of 
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wound under the front of the coatee where it had coagulated, indicating that the 
head of the deceased must have 
been in a raised position after 
the injury had been sustained 
and that the injury must have 
been inflicted before the de- 
ceased’s immersion in water. 

The initial examination 
was stopped at this stage and 
no further examination was 
carried out until after the 
preliminary photographs had 
been taken. Subsequent 
autopsy revealed 3 _ stab 
wounds of the back of the 
chest, 2 of which had passed 
through ribs. All 3 had 
penetrated lung tissue only, 
causing bilateral pneumo- 
thorax and air embolism. 
There was also a linear crush- 
ing laceration of the scalp, 
overlying a small linear frac- 
ture of the right parietal 
bone. This fracture, which 
was longer on the inner table of the skull, passed through a groove con- 
taining a branch of the middle meningeal artery, causing a small extra- 
dural haemorrhage. Finger-type bruises were present around both ankles, 
and there were fine vertical linear abrasions on the back, consistent with 
dragging by the ankles whilst still alive. 

The sexual assault was of a most violent nature. There were fresh 
lacerations of the hymen, and the posterior vaginal wall had been split up 
for a distance of a quarter of an inch. The vagina contained 2 c.c. of semen 
in which spermatozoa were readily identified. The semen belonged to a 
Group O, A or non-secretor. 
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The immediate problems arising from this autopsy after the cause of 
death had been ascertained were: 

1. The identity of the deceased. 

2. The approximate time of death. 

3. The weapons employed. 

1. Identity. Identification was- established later on 1 June as a result 
of C.LD. enquiry. 

2. Time of Death. This was, as always, a problem of prime importance, 
and the estimated time of death was given immediately details of the water 
temperature were known. 

At 12 midday, when the body was first examined, the clothing, which 
consisted of a coatee, blouse, ‘jeans’, knickers, brassiere, socks, and a broad 
belt, was drying out rapidly. The rectal temperature was 68° F. The 
thermometer was left in situ for some 20 minutes and during this period 
there was a very slight drop in temperature of somewhat less than 4° F. 
The mortuary temperature was 60° F, and the average water temperature 
of the Thames during the preceding 24 hours was 64° F. 

Allowing for the evaporation of water from the clothing, it was estimated 
that during the 3 hours the body had been out of the water it would have 
cooled about 4° F, indicating that the body temperature at 9 a.m. would 
have been 72° F. A naked body of the same build and nourishment when 
immersed in water at 64° F would cool from normal temperature to 72° F 
at an average rate over the period of 3°—4° F per hour; 4° F slowing 
of this rate of cooling was allowed for the clothing, and assuming 
the body cooled between 24° and 34° F per hour, the time of death would 
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fall between 9 p.m. on the 31st and 2 a.m. on the Ist. Subsequent investiga- 
tions showed that 11.30 p.m. was approximately the time when the crime 
had been committed (Fig. 3). 
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3. The Weapon Employed. The wounds in the back had been clearly 
caused by a double-edged stabbing instrument, a knife whose blade was 
‘bout 1 inch across and at least 4 inches long. The incised wound in the 
left cheek (Fig. 2) was semi-circular in shape, 2 inches in diameter, and 2} 
inches deep, and had plainly been inflicted by a sharp instrument. In the 
depth of this wound the zygoma had been fractured and comminuted. 
Above the upper lip of the wound was a crushing abrasion of the skin, 
1 inch in diameter. It was considered that the cheek wound might have 
been caused by rocking the knife in the wound after it had penetrated the 
zygoma. The abrasion above the upper lip of the wound, however, was 
very difficult to associate with a stabbing instrument, such as had caused 
the chest wounds. A further difficulty was the laceration of the scalp and 
the fractured skull. The possibility of this having been caused by falling 
on to some hard projection or object was dismissed, as there were no other 
signs of the deceased having fallen heavily. 

The Chest Wounds. Grass had been carried into the chest wounds by 
the knife thrusts, indicating that the deceased had been stabbed in the 
long grass by the towpath and not in the centre of the towpath where she 


was first struck by what later was known to be an axe (Fig. 4). Large 
bilateral pneumothoraces had caused the body to float, hence leading to its 
early discovery and considerably aiding the preliminary investigations. The 
importance of this cannot be over-estimated. If the stab wounds had 
passed into the heart and caused instantaneous death it is unlikely that the 
body would have been recovered before 6 June, by which time blood 
stains on the towpath would have been washed away by the rain. It would 
be unlikely for the girls to be reported missing before 3 June as they were 
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in the habit of sleeping in each other’s houses without previously inform- 
ing their parents, and as this crime occurred immediately before the 
Coronation no alarm was likely to arise as a result of their absence. Owing 
to Barbara Songhurst’s body floating, an accurate estimation of the time of 
death was possible, and the scene of the crime was discovered, including 
blood stains of different groups. It was possible to interview immediately 
the various campers in the vicinity, some of whom had come long distances 
for the Coronation. By the evening of 3 June these campers would have 
dispersed and the whole investigation, difficult as it was, would have been 
far more complicated if the commencement had been delayed. 


2. Examination of Christine Reed 


The body of Christine Reed rose to the surface, as forecast by everyone 
with a knowledge of this reach of the Thames, on 6 June. She was 
recovered from shallow water at Duke’s Hole, Petersham Road, Richmond, 
at 1.40 p.m., clad in a cardigan, brassiere and ankle socks. The unclothed 
areas of the body were completely covered with a thick matting of algae. 
These algae, which only multiply rapidly when the water temperature is 
high, formed a protective envelope over the body and completely sealed off 
the body orifices. Before examination of the body could be undertaken the 
algae had to be scraped off with a thin flexible metal ruler. The algae came 
off fairly readily with the superficial layer of epidermis (Figs. 5 and 6). 


Subsequent complete autopsy revealed the following main groups of 
injuries : 
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(a) Head Injuries. There was a bruise of the scalp 34 inches in diameter 
above the right ear, and 4 crushing lacerations of the scalp. One of these 
lay over a cleft fracture of the left parietal bone, and a second over a 
further fracture of the upper occipital bone in the midline, which was 
accompanied by some ‘springing’ of the occipito-parietal sutures. The 
brain beneath the first of these fractures showed ante-mortem bruising. 

(b) Stab Wounds. There were 4 stab wounds of the back of the chest. 
Three of these had been delivered obliquely in widely varied directions. 
Two did not penetrate the chest wall, and another passed for a distance of 
5 inches through soft tissues before entering the chest. The fourth wound 
penetrated the chest at right angles, passing through the head of the sixth 
right rib. 


Fig. 7. 


There were 6 external stab wounds of the front of the chest (Fig. 7), 
and these had been delivered with more accuracy; in fact, 4 separate thrusts 
had been made through one external wound. Four of these stab wounds 
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had been made in the precordial area and had entered the heart, and 5 
thrusts had penetrated cartilage or bone. The lower right wound had passed 
obliquely downwards and inwards to enter the liver. 

(c) Protective Injuries. There was a stab wound and an incised wound 
on the outer side of the left forearm above the wrist joint. 

(d) Contusions were present on the thighs consistent with an assailant 
having forced the thighs part. Further finger-grip type bruises were present 
around the ankles and lower legs, and fine vertical abrasions were present 
on the back, consistent with the deceased having been dragged by the 
ankles whilst still alive. 

(e) Sexual Assault. There was a fresh laceration of the posterior hymen 
and an abrasion of the perineum. The vagina contained what appeared to 
be semen. The pelvic organs were removed im toto and sent to the 
Metropolitan Police Laboratory for detailed examination. 

The points of medico-legal interest arising out of this examination were: 

1. The preservation and sealing off of the body orifices by the algae. The 
vaginal contents were not contaminated by water or algae, the vagina 
containing over 1 c.c. of semen, Group O or non-secretor, from which 
spermatozoa were readily identified. 

2. None of the open scalp wounds showed any vital reaction whatsoever 
due to the rapid immersion of the body in water after death. The under- 
lying brain, however, showed contusions. Where the scalp had not been 
split, heavy bruising was present. 

3. From the examination of Christine Reed it was quite clear that two 
instruments must have been used: (a) a stabbing instrument; and (b) a 
blunt instrument such as the head of an axe or heavy spanner. 

Examination of the scene of the crime revealed, besides numerous small 
quantities of blood leading to the water's edge, 2 heavy areas of blood- 
staining, one in the centre of the towpath itself, and the second by the 
side of a rough footpath running parallel with the towpath (Fig. 8). In 
the grass near the second area two pairs of women’s shoes were found. 
Examination of these heavy stains revealed that the blood in the centre 
of the towpath was Group A, identical with that of Barbara Songhurst, and 
that by the side was Group O, identical with that of Christine Reed. White- 
way’s blood was Group O. 

Two of the questions arising out of the autopsy examinations were: 

1. Had the injuries to both girls been caused by the same instruments? 

2. Were one or more persons involved in the assault? 

As regards the first question, it was quite clear that the same stabbing 
instrument could have caused the chest wounds in both cases, the width 
of the wounds and their general appearances being identical. It was also 
apparent .that the head wounds on Barbara Songhurst could have been 
caused by the same blunt instrument that was used on Christine Reed, and 
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that the cheek wound on Barbara Songhurst could have been caused by an 
axe provided the blade was very sharp. 
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With regard to the second question, it was considered unlikely from the 
first that more than one person was concerned with the assault. The 
almost identical attacks on the 2 girls at about the same time in the same 
place, and with apparently identical weapons, the similarly grouped sexual 
assaults, all pointed to one person only being involved. 

During the past 18 months a number of sexual assaults had been reported 
in the Home Counties. A good description of the assailant was obtained 
from a 14-year-old victim, K. R., and this description was circulated. As a 
result, on 28 June 1953, Alfred Charles Whiteway was arrested and 
charged with: 

1. Raping K. R. on Oxshott Common. 

2. Assaulting, with intent to ravish, Mrs. B., aged 52 years. 

The accused at first denied the charges, but as soon as he had been 
identified by his victims he made full statements admitting the offences. 

The clothing and the vaginal swab from K. R. (who was Group A) was 
sent to the Metropolitan Police Laboratory. The blood on the clothing was 
Group A. Numerous spermatozoa were present on the vaginal swab which 
gave a reaction for Group A, indicating that the assailant was either Group 
A, O, or non-secretor. 

Whiteway’s method of approach to the women he violated was as follows. 
Having selected his victim, he was determined to have sexual intercourse 
with her as rapidly as possible. He would therefore hit his victim over 
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the head, knocking her either unconscious or semi-unconscious. The follow- 
ing extract from one of his statements explains his technique fully: 

‘I noticed her walking along the road ... She went up the footpath into the 
woods and I followed her in. I had a wood chopper in my saddle bag... I had 
made up my mind to seduce her, and I got the chopper out of my saddle bag. | 
caught up with her when she was on the footpath, and I hit her on the head 
somewhere with the back edge of the chopper. She was half stunned and I half 
carried her into the bushes.’ He then proceeded to rape her. 

It was at once clear, although at this time there was nothing to connect 
Whiteway with the murder of Barbara Songhurst and Christine Reed, that 
the method of approach used in the rape of K. R. was similar to that used 
on the 2 girls. Because of this the police questioned Whiteway closely 
about his movements during the night of 31 May-—1 June, and he made 
a statement which was painstakingly investigated by the police. Suspicion 
gradually increased against Whiteway, particularly when, several weeks after 
his arrest on the 2 above-mentioned charges, an axe, which he immediately 
identified as his own, was discovered. 

The history of this axe is important. It was a mass produced axe, which 
was sold by a multiple store for 2s. Gd. Some 20,000 similar axes had been 
sold. Two days before his arrest Whiteway was picked up by a police car 
on suspicion of raping K. R. and taken to Kingston Police Station. Here 
he was not detained as it was felt his description did not tally with that 
of the wanted man. 

During his journey to the Police Station Whiteway had slipped an axe 
from under his coat and placed it beneath the front seat of the police car. 
The following day, when the car was being cleaned, a constable who had 
not been concerned with Whiteway the day before, found the axe and, 
presuming that it belonged to one of the drivers who had driven the car 
the previous day, placed it in his locker for safe keeping, intending, he 
said, to make enquiries later. The next day this police constable was 
admitted to hospital where he remained for 3 weeks. On discharge from 
hospital he discovered the axe still in his locker, and as he had not heard 
of enquires concerning it, he borrowed it and took it home to chop wood. 
During his interrogation Whiteway said what he had done with the axe, 
which was subsequently recovered from the police constable who had 
borrowed it. 

Whiteway identified the axe as his, but remarked that it had been 
badly treated. He said he kept a good edge on it by sharpening it with a 
file. The axe was in a rather poor state; the shaft and blade had both been 
damaged. Laboratory examination at this stage revealed no traces of human 
blood or hair. 

The head of the axe fitted accurately into the larger depressed fracture 
of Christine Reed’s skull. Subsequently an X-ray picture was taken of the 
vault of the skull with the axe held in position. This X-ray left no doubt 
that this axe, or some other weapon of identical dimensions, was responsible 
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for the injury. The thin, relatively clear, area surrounding the leading edge 
of the head of the axe when it is in position is something which could 
only be present when the instrument used (or one of identical dimensions) 
is correctly placed in the fracture (Fig. 9). 


The pair of shoes Whiteway was wearing at the time of his arrest were 
sent to the Metropolitan Police Laboratory for examination. It was found 
that the right shoe (Fig. 10) gave a strongly positive benzidine reaction 
in the crevices around the sewing of the tabs of leather which attaches the 
eyelet holes to the instep of the shoe, and also inside the join of the 
upper and the welt all round the shoe. The reaction was strongest on the 
outer edge of the shoe. The shoe was later taken to pieces and traces of 
human blood were identified by a positive precipitin reaction on the edge of 
the upper along the line of stitching with the sole. There was insufficient 
blood to group. There was no blood on the left shoe. 

Dr. Nickolls, Director of the Metropolitan Police Laboratory, concluded 
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that the distribution of the blood was the type which is found when shoes 
have been fairly extensively blood stained and have subsequently been 
worn or washed and cleaned. 

The case against Whiteway was building up, and he was repeatedly 
questioned about his movements on the night of 31 May. His alibi was 
destroyed by tireless police enquiry—in all over 5,000 statements were 
taken. Eventually he made a confession describing exactly what he had 


done : 

‘It’s all up. You know bloody well I done it, eh! That shoe’s buggered me. 
What a bloody mess. I’m mental. Me head must be wrong. I must have a bloody 
woman. I can’t stop meself. I’m not a bloody murderer. Block ’em yes, every 
time but not kill ’em. I only see one girl. She came round the tree where I stood 
and I bashed her no harder than that other kid and she was down like a log. Then 
the other screamed out down by the lock. Never saw her till then I didn’t. | 
nipped over and shut her up. Two of ‘em and then I tumbled the other one knew 
me. If it hadn’t been for that it wouldn’t have happened. 

“Put that bloody chopper away it haunts yer. What more do they want to know. 
I blocked ’em both, that’s what I can’t stop. Why don’t the doctors do something? 
It will be mental, won’t it? It must be. I can’t stop it. Once yer tell you sods a 
bloody lie, buggered for ever. Give us it, I'll sign it.’ 


During the time that these enquiries were proceeding Whiteway was 
identified as the man who some 18 months before had struck a woman over 


the head with an iron bar and raped her, leaving her severely injured on | 


the same common on which he raped the 14-year-old girl. 

Whiteway was charged with the murder of Barbara Songhurst and 
Christine Reed on 20 August 1953 and committed for trial from the 
Richmond Magistrates’ Court. At the end of a 6-day trial at the Old 
Bailey he was found guilty of the murder of Barbara Songhurst, and 
sentenced to death. An appeal was dismissed, and he was hanged at 
Wandsworth on 22 December 1953. 


I wish to thank Mr. R. L. Jackson, Assistant Commissioner, C.I.D., New Scotland 
Yard, for permission to publish photographs 1, 2, 4, 5 and 6 
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Poisoning by Barbiturates 


P. R. v. d. R. Copeman, B.A., D.Sc. 


Government Chemical Laboratories, Johannesburg 


Few synthetic drugs have attained such a popular appeal within recent 
years as the derivatives of barbituric acid and, at the present time, they are 
probably more widely used than any other sedative or hypnotic. It would 
therefore be expected that many cases of poisoning, either accidental or 
intentional, would occur. The first barbiturate to be put into general use 
was Veronal in 1903? and, since then, a wide range of barbituric acid 
derivatives has found increasing application for many purposes, e.g. inducing 
sleep, sedation and anaesthesia. The rate and duration of action will vary 
with the particular barbiturate. The shorter-acting barbiturates, in parti- 
cular, augment the action of analgesics such as aspirin, phenacetin and 
pyramidon. In the usual doses, sleep is induced with no untoward effects, 
although elimination of the drug is slow and cumulative effects are likely 
to arise. Since, with normal doses, the induced sleep resembles natural 
dreamless sleep, large amounts of the different barbiturates are used by the 
public, with or without prescriptions, and there is the danger that prolonged 
use may lead to habituation. There are certain additional dangers attached 
to the frequent use of barbiturates. Wayne has pointed out that it is 
dangerous to use the short-acting barbiturates in cases of liver disease since 
these are mainly oxidized and detoxicated in the liver, while the long-acting 
barbiturates may lead to renal impairment. The barbiturates may also give 
rise to allergic reactions. 

The number of deaths from barbiturate poisoning has shown an alarming 
increase during recent years and, in South Africa, at least, this class of 
compound has become of greater importance than arsenic, particularly in 
cases of suicide. During the period 1948-1952, 112 cases of death from 
barbiturate poisoning were examined in the Government Chemical Labora- 
tories, Johannesburg, as compared with a total of 115 cases of death from 
arsenical poisoning. Of the 112 cases of barbiturate poisoning there were 
only 3 in which there was any doubt that death was not due to suicide or 
the results of an overdose. As only 4 cases involved non-Europeans (2 
being coloured, 1 a Native male and 1 a Native female infant) barbiturates 
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are poisons clearly associated with Europeans. -The remaining 108 cases 
were equally divided between European males and females. Table I gives 
a summary of the cases and indicates the extent of barbiturate poisoning in 
South Africa. 


Table I: Barbiturate Poisoning in South Africa 


Year European Male European Female ‘Other’ Total 
1948 10 3 — 13 
1949 10 10 2 22 
1950 10 13 — a 
1951 11 17 1 29 
1952 13 11 1 25 


There were 109 cases due to suicide or overdosage, the latter category 
being possibly accidental, due to inability to appreciate the dangers involved 
in self-administration or to over-confidence in the efficacy of the drug. The 
two categories are obviously difficult to separate, but there were 74 cases 
where all the circumstances indicated suicide and there seems no doubt that 
some knowledge of the properties of the barbiturates influenced their choice. 
It would also appear that these properties are not, as yet, so widely known 
to the Native, or possibly that these drugs are not so readily obtainable 
by him. That the dangers of the indiscriminate use of barbiturates are 
realized by the authorities is evidenced by the fact that barbituric acid 
derivatives are included in Division I of the Fourth Schedule to the Medical, 
Dental and Pharmacy Act No. 13 of 1928. This precaution renders it more 
difficult to obtain supplies, particularly in the case of the Native, but it has 
not removed the possibilities of the mis-use of barbiturates by Europeans. 


Methods of Investigation 


Before the results obtained are detailed it might be an advantage to outline the 
methods adopted to determine the presence of barbiturates in the specimens sub- 
mitted for laboratory examination. Such knowledge will be of assistance in 
appreciating the difficulties involved in studying the results. 

The barbituric acid derivatives are organic compounds with weakly acid properties 
and the methods used for their isolation from the various specimens are dictated by 
these properties. Although they may show slight variations among themselves, they 
all possess basically the same chemical properties, and thus form a homogeneous 
class of substances. 

In cases of death from suspected poisoning, specimens of the viscera, usually the 
liver, the kidneys, the stomach and, sometimes, the intestines, are submitted for 
chemical examination. After the weighing separately of each organ submitted, por- 
tions of the various organs, particularly. the liver, are submitted to preliminary 
qualitative tests, which are generally influenced by the details of the history supplied 
with the case. Such tests will include the Reinsch test for irritant metals, tests for 


fluorine or for chromium and tests for volatile poisons such as cyanide, aldehydes and | 


phosphorus. 
When such tests prove negative, recourse must be had to a general procedure for 
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cases the isolation of an organic poison. For this purpose, aliquot weights of the separate 
f organs, finely divided, are subjected to the Stas-Otto process (or a modification 

-- thereof). The material is initially extracted with faintly acid alcohol and, after suit- 


ng in able processes of purification, the residue* is taken up in faintly acid water. The 
aqueous solution is then extracted with immiscible solvents and the extracts so 

: obtained contain the ‘acidic’ compounds present in the original extract, among which 

| will be any barbiturates originally present. This extract is purified by suitable 


Total methods before final drying and weighing. Appropriate tests are then applied to 
| this residue to detect and, if possible, identify any barbiturate which may be present. 
13 The most useful test for general detection is the cobalt nitrate test+ but, for 
22 | identification, the melting point of the fully purified residue provides the most suit- 
2 able method. However, complete identification is not always possible, owing to 
25 several factors. Very often only very small amounts of residue are obtained and 
—— there is always great difficulty in purifying such extracts satisfactorily, particularly 
when they are obtained from viscera. Because these drugs are often mixtures, 
egory because they are unstable and are often used in conjunction with other hypnotics or 
olved sedatives of an ‘acid’ nature, identification is a matter of extreme difficulty. Since 
most cases of barbiturate poisoning are essentially suicidal, or due to overdosage, it 
The is, in most cases, sufficient to certify simply the presence of a barbiturate in the 
cases | yiscera. Owing to the essential similarity of all the barbiturates, more detailed 
t that identification is rarely necessary. In the case of exhibits such as urine or tablets, 
noice. slight variations of the above procedure may be adopted for the initial purification 
awe of solutions before extraction with immiscible solvents. 
nable 
S are Distribution of Barbiturates in the Body 
acid Since the barbiturates are synthetic organic compounds which do not occur 
dical, in nature, they are not normally present in the body. The elimination of 
— barbiturates from the system is mainly through the kidneys and according 
it has to Webster® the larger the dose the less is the relative percentage excretion, 
— while the remainder is apparently oxidized in the system. This contention 
does not seem to be borne out by our results, and data have been collected 
in which the concentrations in the liver have been used as the criterion of 
ie the the amount of barbiturate absorbed by the system. The data, expressed in 
$ Sub- terms of parts per million (or mg. per kg.), are given in Table II and have 
pl been divided into two classes, viz. (a) amounts up to 50 p.p.m. in the liver 
sabia and (b) amounts over 200 p.p.m. in the liver. The relative proportions 
ed by in the liver and in the kidneys have been expressed by the ratio L: K and 
, they cases involving a second hypnotic have been excluded. 
neous The amounts found in the stomach confirm the suggestion that the con- 
ly the centration of barbiturate in the liver is dependent upon the size of the dose 
a he ingested and may thus be regarded as a reasonable criterion of the dosage. 
, por. | It will be noted that the value of the ratio L: K is lower in the ‘low’ con- 
ninary | centration group than in the ‘high’ concentration group. In the first group 
pplied the ratio differs from unity by 0.204 and, when this difference was tested 
ts for | by the ‘t’ method, as described by Fisher,> the value of ‘t’ was found to be 
oe 2.55. For a 20 to 1 significance the value of ‘t’ should be 2.228 and the 
~~ concentration in the kidneys is therefore significantly higher than that in 
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Table II 
A. Small Doses of Barbiturates 


Case Liver (L) Kidneys (K) Stomach (S) Ratio L:K 
3139/50 33-5 34-9 300-4 0-96 
6960/50 46:2 48-2 47-7 0-96 
2437/51 48-3 104-4 249-5 0-46 
6634/51 42-1 62-3 122-7 0-68 
7467/51 43-7 158-4 67-2 0-28 
5470/52 22-0 28-0 160-0 0-79 
6291/52 50-0 49-3 215-7 1-01 
7832/52 20-0 27-1 18-6 0-74 
8264/52 28-8 24-1 28-4 1-19 
8769/52 29-7 30-3 21-4 0-98 
9308/52 47°5 66°8 75-0 0-71 

Average 37-4 57-6 118-8 0-796 

B. Large Dose of Barbiturates 

1667/49 290°8 337-4 1767-5 0:86 
6570/49 231-1 239-5 220-4 0-97 
1196/50 247-6 325-0 953-0 0-77 
2048/50 202-2 138-1 41-7 1-46 
2149/50 227-9 352-1 602-5 0-65 
7769/51 221-0 253-5 506-3 0-87 
8814/51 855-0 427°5 3217-1 2-00 
3213/52 380-0 598-0 1617-0 0-63 
8464/52 641-3 646-0 825-0 0-99 
9673/52 585-8 629-0 1417-0 0-93 

Average 388-3 394-6 1116-5 1-013 


the liver in the ‘low’ concentration group. In the second group the con- 
centrations of barbiturate in the liver and in the kidneys are, on the average, 
equal. This would seem to indicate that there is a relatively greater 
excretion through the kidneys in the case of the lower concentrations. 

However, a comparison of the one group with the other indicates that 
the variations in each group are sufficiently great to obscure the significance 
of any difference between the ratios. The difference between the two 
groups for the ratio is 0.217 with a ‘t’ value of 1.67 which, although 
suggestive, cannot be regarded as sufficiently great to provide a definite 
conclusion regarding the conditions of excretion in the two groups. In 
this connexion it must be borne in mind that the aliquot weights from the 
liver represent a much smaller fraction of the organ than those from the 
kidneys and thus any errors in estimation are magnified to a greater extent 
in the case of the liver. 

In general, excretion by the kidneys is somewhat slow and Webster® states 
that as long as 10 days may elapse after administration before the barbiturate 
is eliminated from the system. All hypnotics are required to exhibit a 
certain degree of chemical stability to permit a sufficiently long duration 
of action but some degradation is, however, necessary to overcome prolonged 
toxic action in the system. Obviously the more rapidly the barbiturate is 
excreted or destroyed, the shorter will be the duration of action and the 
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different barbiturates will vary among themselves in this respect and range 
from the long-acting to the ultra short-acting. As examples of the stability 
of barbiturates in the system, data are given in Table III, in terms of mg. 
per organ, where death occurred 2 days or more after administration. 


Table III: Death from Barbiturate Poisoning 


Time Liver + 

Case (days) Liver Kidneys | Stomach Intestines Kidneys Total 
9418/47 >2 295-7 20-8 20-1 149-5 316-5 486-1 
5639/49 8 84-5 22:1 20-1 136°5 106-6 263-2 
2309/51 3 98-8 43-5 44-2 154-0 142-3 340-5 
9370/51 3 182-6 53-3 53°3 747-5 2359 1036-7 
2946/52 24 332-1 100-7 40-3 581-7 432-8 1054-8 
5921/52 6—7 142-3 35-7 35-1 258-0 178-0 471-1 


It will be noted that, in Case No. 5639/49, the liver and kidneys contain 
106.6 mg. even after a lapse of 8 days. In Cases No. 9370/51 and No. 
2946/52 more than 1 gm. was recovered from the organs submitted after 
2-3 days had elapsed before death occurred. It must be borne in mind that 
the amounts in the stomach and intestines represent, in effect, what has 
remained unabsorbed by the system and will depend entirely upon the 
magnitude of the original dose. After death the organs will contain their 
quota of barbiturate although the actual death may have been due to 
secondary effects and the data in Table III indicate how stable the barbitu- 
rates are in the system. 

In cases of barbiturate poisoning, the drug will be widely distributed in 
the system, as is indicated in Table III and this is shown in more detail in 
Table IV, the results being expressed in terms of parts per million as being 
the only satisfactory means for comparison. 


Table IV: Distribution of Barbiturates in the System 


Special 

Case Liver Kidneys Stomach Intestines Column Brain Spleen Urine 
9272/47 66-9 93-1 69-3 52°8 183-1 — — 320-4 
1196/50 247°6 325-0 953°3 — — 14-9 _- a 
4200/51 118-5 238-2 85-2 172-1 — — 95-8 — 
8814/51 855-0 427°5 3271-1 — — 316-3 — 92-6 
172/52 161-7 Tet —_ — — 716-4 — oo 
8946/52 82-7 156-0 1100-0 — — 131°5 — _ 
9308/52 47-5 66-8 75-0 — — 38-2 — — 


The data show that barbiturates can be widely dispersed in the system 
but there is no indication that the distribution is uniform. As judged from 
the above results the relative distribution must depend largely upon the 
individual constitution. The concentrations in the stomach and intestines 
are mainly fortuitous, depending upon such factors as the amount ingested, 
the rate of absorption, and the time elapsing before death. The contention 
of Andrew and Neubauer! that the barbiturate is uniformly distributed 


Volume 1: Number 5: July-September 1954 


276 Dr. P. R. v. d. R. Copeman 


throughout the body is certainly not supported by: the above data, even when 
the results for the stomach, intestines and urine are eliminated. It is quite 
clear that it would be impossible to estimate the amount of barbiturate in 
the body from the amount found in any one organ. 

However, the finding of barbiturate in the urine serves as a practically 
certain method of differentiating barbiturate poisoning from conditions 
such as cerebral haemorrhage, alcoholic intoxication, etc., and is of particular 
importance while the victim remains alive, when correct diagnosis is essen- 
tial. For this purpose, the urine is more satisfactory than, say, the cerebro- 
spinal fluid or the vomit. In the first case the quantity of the specimen is 
limited and in the latter vomiting is very rarely associated with barbiturate 
poisoning. It is obvious that as much urine as possible should be submitted 
to facilitate the analytical examination. 


Suicide from Barbiturate Poisoning 


Owing to the fact that, in general, the effects produced by the ingestion of 
barbiturates resemble so closely the effects of normal sleep, these substances 
have become of prime importance in cases of accidental death or of suicide. 
During the period 1948-1952 there were 109 cases of death of an accidental 
or suicidal nature from barbiturates as compared with 29 cases of a similar 
nature from arsenical poisoning. It has already been pointed out that the 
cases of barbiturate poisoning were, in effect, all European. 

The barbiturates are normally relatively ‘safe’ drugs and, in general, 
approximately 10-15 times the normal dose is accepted as the fatal dose. 
In such cases, death is mainly due to respiratory depression, followed by 
vasomotor collapse, leading to the development of pneumonia as a secondary 
effect. Severe symptoms of poisoning may, however, be caused by 5-10 
times the usual dose.” 

Owing to the comparatively massive doses which are required to produce 
toxic effects, it can be expected that reasonably large amounts of barbiturates 
will be recovered from the viscera after death in such cases. In Table V 
the results from 35 cases of suicide from barbiturates have been summarized 
in terms of parts per million. All the information available indicated that 
suicide was the motive and all cases involving the possibilities of an over- 
dose have been excluded. 

There is clearly a greater proportion of barbiturates in the organs than is 
usually encountered in cases of arsenical poisoning. Such a result might be 
expected from the varying action of the two substances, since, apart from 
excretion by way of the kidneys, arsenic also causes vomiting and purging 
which lead to an additional loss through these channels. As indicated by 
the ‘Coefficient of Variation’, there is a wide variation in the various con- 
centrations and this is partly explained by the inherent variations of the 
barbiturates among themselves in regard, e.g. to stability, and composition. 
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Table V: Suicide from Barbiturates 


.  Noof Standard Coefficient 
Organs Cases Average Maximum Minimum Deviation of Variation 

Liver... mC 35 151-8 855-0 28-8 160-0 105-4 
Kidneys .. fs 35 174-3 427-5 24-1 124-8 71-6 
Stomach .. Be 35 448-2 3217-1 28-4 — — 

Intestines a 28 177-1 370-4 16-4 — — 

R= L:K ae 35 0-907 2:04 0-32 0-443 48-8 
L and K* a 35 273-0 1207-7 52:6 226-2 82-8 


* Mg. in liver and kidneys. 


There is also a tendency for the concentration in the liver to be the same 
as that in the kidneys. The difference in the average values for these two 
organs was 22.5 p.p.m., but by making a controlled comparison of the data 
by means of the ‘t’ test, the value of ‘t’ was found to be 1.37 and for a 
20 to 1 significance this should be at least 2.04. This result is corroborated 
by a consideration of the average value of R=L:K. It the concentrations 
were equal the value should be unity but the difference from unity found, 
viz. 0.093 has a ‘t’ value of only 1.24, which has no significance. Thus 
the concentrations of barbiturate in the liver and in the kidneys tend to be 
equal but, obviously, individual variations from this condition can be 
expected owing to the varying conditions involved. In the case of arsenical 
poisoning, the concentration in the liver tends to be about double that in 
the kidneys. 


Overdosage of Barbiturates 


In order to ascertain whether the analytical results may be used to distin- 
guish between cases of suicide and accidental death due to inadvertent over- 
dosage, data have been collected where it has been definitely stated that 
death was due to an overdose. Admittedly, in these cases, such conclusions 
must be largely a matter of conjecture since the precise intentions of the 
victim must be virtually an unknown quantity. However, in Table VI data 
are summarized for cases of alleged overdosage, in terms of parts per 
million, as in Table V. 


Table VI: Overdosage with Barbiturates 


No. of Standard Ci — 
Organ Cases Average Maximum Minimum Deviation of Variation 

Liver .. ie 19 100-8 202-2 22-0 50-4 50-0 
Kidneys a 19 128-3 283-7 28-0 78-4 61-1 
Stomach... 19 212-7 1251-3 21-4 — — 

Intestines .. 19 137-7 307-1 14-8 _ —_ 

R=LK .. 19 0-945 2:73 0-34 0-53 56-1 
Land K* .. 19 188-4 432-8 38-3 85-0 45-2 


* Mg. in liver and stomach. 


The general picture of the distribution resembles that for suicides. The 
value of R=L:K does not differ significantly from unity, the value of ‘t’ 


Volume 1: Number 5: July-September 1954 


278 Dr. P. R. v. d. R. Copeman 


for the difference being 0.47 and although the concentration in the kidneys 
appears to be somewhat higher than that in the liver, the difference, 27.5 
p.p.m. has a ‘t’ value of only 1.88 which, for a 20 to 1 significance, should 
be 2.10, and the difference therefore cannot be regarded as definitely signifi- 
cant. 

The average concentrations in the liver and the kidneys tend to be some- 
what lower than in the case of suicides but a detailed comparison of the 
two sets of data show that this is more apparent than real. The differences 
are 51.0 p.p.m. and 46.0 p.p.m. respectively with corresponding ‘t’ values 
of 1.36 and 1.47. The difference in the ratio is also negligible and it must 
be concluded that the analytical data alone do not provide any hope of 
distinguishing between these two classes of death from barbiturate 
poisoning. 

The analytical data for suicide and for overdosage may therefore be com- 
bined to provide a set of standard data for purposes of any other com- 
parisons with results obtained under other conditions. Table VII gives the 
average data for the pooled observations of these two classes. They will 
be termed ‘suicides’ in any further comparisons. 


Table VII: Combined Data for Suicides and Overdosage 


Standard Coefficient 
Organ No. of Cases Average Deviation of Variation 

Liver .. NG = 54 133-9 133°7 99-9 
Kidneys .. ne me 54 158-2 112-0 70-8 
Stomach .. ae at 54 365-4 — — 

Intestines as oh 47 160-5 — —_— 

R = L:K me si 54 0-924 0-47 50-9 
Land K mA Af 54 243-1 187-7 77-2 


These figures must serve as a basis for the general picture of barbiturate 
poisoning in so far as the information supplied to the Laboratories is con- 
cerned. They represent a random ‘population’ in every sense of the word. 


Alcohol and Barbiturate 


It is a generally accepted fact that alcohol renders the victim more suscep- 
tible to the effects of barbiturate poisoning and this contention has been 
examined as a general proposition by collecting the data for those cases 
where the victim has been known to be an alcoholic or where it is known 
that alcohol was taken with the barbiturate. The data have been sum- 
marized in Table VIII in the same form as previously. 

In comparison with the results previously discussed it will be seen that 
the distribution follows the same general course. The concentration of 
barbiturates in the kidneys tends to be slightly higher than in the liver. 
The difference is 23.2 p.p.m. but this has no significance, the value of ‘t’ 
being only 0.90. This conclusion is confirmed by the value of 0.99 for 
the ratio L:K. The average concentration in the stomach is relatively high 
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Table VIII: Alcohol with Barbiturates 


No. of Standard Coefficient 
Organ Cases Average Maximum Minimum Deviation of Variation 

Liver .. ie 18 105-1 290-8 20-0 67-3 64-0 
Kidneys fa 18 128-3 337-4 27-1 86-6 67-5 
Stomach ne 17 588-8 3444-8 18-6 _- _ 

Intestines Ae 10 157-7 403-3 51-5 —_ — 

R=LK .. 18 0-99 2-54 0-27 0-594 “0 
Land K* .. 18 191-4 425-4 TT-3 105-2 55-0 


* Mg. per organ. 


but this is mainly due to an exceptional case where a concentration of 
3,444.8 p.p.m. was found. This was probably due to a very large dose 
associated apparently with a slow absorption from the gastro-intestinal tract, 
since in this particular case only 171.6 mg. of barbiturate were recovered 
from the liver and kidneys. 

The concentrations in the liver and kidneys appear to be somewhat lower 
than those in the case of ‘suicides’ but the differences of 28.8 p.p.m. and 
29.9 p.p.m. respectively have ‘t’ values of only 0.87 and 1.02, which do not 
indicate significance. The difference in the value of the ratio=L:K is 
also not significant. It must be concluded that the chemical results con- 
sidered by themselves do not indicate any significant differences due to the 
presence of alcohol. It must be admitted that, due to the circumstances 
involved, there can be no possibility of control and that variations in the 
groups are due to purely random factors for which allowance cannot be 
made. In this case, it is not possible to draw any conclusions regarding 
the effect of alcohol in conjunction with barbiturate. Any decisions of 
this nature must be largely based upon the history of the case and the 
particular barbiturate concerned. 


Barbiturates with a Second Hypnotic 


In connexion with the possible synergistic action of barbiturates, it is 
interesting to compare the results in cases where a second hypnotic has been 
present with results where a barbiturate only was present. In the present 
work the second hypnotic has consisted of one of the following: 
Amidopyrine, Chloral, Aspirin, Paraldehyde, Morphine or Bromide. Caffeine 
was found to be also present in one case and Burger? states that the depres- 
sant effects of barbiturates are antagonistic to the analeptic action of 
caffeine. The data in Table IX give the results obtained when a second 
hypnotic was present and excludes the one case where caffeine was present. 

The results, in general, tend to be lower than those obtained for ‘suicides’ 
and tend to confirm the suggestion that there is a synergistic effect with a 
second hypnotic. The relative concentrations in the liver and in the 
kidneys are affected significantly in the presence of the second hypnotic. 
The average difference was found to be 31.3- p.p.m. with a ‘t’ value of 2.41 
and for a 20 to 1 significance this value should be about 2.31. The 
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Table IX: Barbiturates with a Second Hypnotic 
No. of Standard  Cosfficient 
Organ Cases Average Maximum Minimum Deviation of Variation 
Liver 10 83-4 303-7 26-9 79-3 94-4 
Kidneys 9 116-2 286-4 38-8 81-4 70-0 
Stomach te 10 163-5 493-2 7-1 a — 
Intestines ne 8 155-4 471-9 54:5 — — 
R=I3K 4 9 0-75 1-48 0-45 336 44-8 
L and K ae 9 182-8 433-5 48-7 106-0 58-0 


average value of R=L:K of 0.75 also differs significantly from unity, the 
difference of 0.25 having a ‘t’ value of 2.35. The concentration of barbitu- 
rate in the kidneys therefore tends to be significantly higher in the liver 
under these circumstances, since ‘t’ should be at least 2.306 for a 20 to 1 
significance. 

When a detailed comparison is made with the results for ‘suicides’ it must 
be remembered that controlled data are not available and the differences 
between the groups tend to lose their significance. In no case was the ‘t’ 
value of the difference greater than 1.15 and thus, from the analytical 
results as obtained from these two entirely random groups, it is not possible 
to detect with certainty the existence of a synergistic action. There are 
obviously so many unknown and uncontrolled factors for which allowance 
cannot be made. There is some indication that a synergistic action exists 
but definite conclusions cannot be drawn on the basis of the data presented 
here. 


Variations According to Different Barbiturates 


Owing to the varying stabilities and rates of action of the different barbitu- 
rates, it would be expected that variations would appear in the analytical 
results. In practice, it is probable that differences in the action of the 
barbiturates would be unlikely to be known to the general public and that, 
therefore, chance will play an important part in the choice of the barbitu- 
rate to be used. The results in cases where the barbiturate used was known 
or definitely identified, have been collected in Table X in the form of 
averages for the particular barbiturate mentioned. 


Table X: Different Barbiturates 


No. of Liver Kidneys R= 
Barbiturate Cases (L) (K) Stomach L:K L+ K* 
Amytal 3 47-1 81:0 47-9 0-85 79-5 
Seconal 9 95-1 106-6 682:3 1-01 182-7 
Nembutal 5 100-0 159-5 339+1 0-76 171-4 
Soneryl 2 122°4 149-0 840-4 0-83 205-4 
Tuinalt 7 161-9 187-7 553-2 1-14 281-0 
Veronal 4 176-9 311-8 307-5 0-68 327°1 
Luminal 10 188-0 231°1 241-6 0-82 311-0 


*L + K = Mg. in liver and kidneys. 
{Mixture of Seconal and Amytal. 
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With the exception of Seconal and Luminal it is difficult to make any 

strict comparisons between the different barbiturates but it would appear 
that Luminal and Veronal are less toxic than the remaining barbiturates, 
judging from the amounts in the liver and kidneys. It is interesting to 
note the low concentration of Seconal in the liver and the kidneys in view 
of the fact that this barbiturate is very short-acting. The results for Amytal 
are too few to allow any conclusions to be drawn from them. 
‘ In the case of Seconal the concentrations in the liver and kidneys are 
practically identical, the difference being 11.5 p.p.m. with a ‘t’ value of 
0.62. This is corroborated by the average value for R=L:K which is 1.01. 
In the case of Luminal the average difference between these two concen- 
trations is 43.1 p.p.m., which has a ‘t’ value of 2.02. The significance at 
the 20 to 1 level should be 2.23 and thus, although the difference does not 
reach this significance, it is at least highly suggestive. The value of 
R=L:K differs from unity by 0.18 with a ‘t’ value of 1.71. It would 
appear that in the long-acting barbiturates there is a strong tendency for 
the unchanged barbiturate to pass in relatively large amounts into the 
kidneys. 

The difference between the average concentration of Seconal and of 
Luminal in the liver was found to be 92.9 p.p.m. with a ‘t’ value of 1.76. 
In the case of the kidneys the corresponding figures are 124.6 p.p.m. and 
2.51. There is thus a significantly greater concentration of Luminal in the 
kidneys than of Seconal and this would appear to be directly associated 
with the fact that Seconal is a rapid-acting barbiturate and therefore more 
rapidly oxidized in the liver than is Luminal. However, the tendency 
towards an equal distribution in all cases is indicated by the fact that the 
difference in the average value of R=L:K for Seconal and Luminal is not 
significant, the value of ‘t’ being 0.93. In this case it must be remembered 
that factors such as time and magnitude of dose are uncontrolled and that 
the random variations in each group are relatively large. 


Effect of ‘Time 


It might be expected that, like any other extraneous substance administered 
to a human being, the amount of barbiturate remaining in the system would 
depend largely upon time. In this connextion it is well to remember that 
barbiturates are comparatively stable compounds and that the kidneys, there- 
fore, act as an important channel of elimination. The results in Table XI 
have been summarized from cases where it has been possible to fix the time 
elapsing between ingestion and death. 

These results are interesting but, on account of the small number of data 
in each group, no detailed comparisons can be made. There are wide 
variations between the groups and, obviously, the amounts found will depend 
upon the amounts and upon the particular barbiturate ingested. The 
amounts in the stomach are coincidental and represent, in effect, the 
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Table XI: Effect of Time on Barbiturate Retention 


No. of Liver Kidneys Stomach 


Time Cases (L) (K) (S) R=L:K L+ K* 
Sudden 8 93-1 115-1 387-5 1-03 183-9 
4 hours 6 112-0 127-0 385-3 1-07 210-0 
24 hours 8 137-4 200-7 614-3 0-63 223-0 
48 hours 3 204-4 268-7 618-2 0-88 329-1 
>2 days 5 142-2 232-7 234-2 0-82 261-1 


* Mg. in liver and kidneys. 


amounts which have remained unabsorbed by the system. It would appear 
that the amounts in the liver and kidneys increase initially due to absorp- 
tion from the gastro-intestinal tract. The amounts in the stomach will, of 
course, depend largely on the amounts ingested. However, it would appear 
that the concentration in the liver increases initially more rapidly than the 
concentration in the kidneys, but that, later, the kidneys begin to act more 
effectively as the channel of elimination. The values for R=L:K indicate 
that the concentration in the kidneys tends to become greater than that in 
the liver. 

The data indicate clearly the persistence of barbiturates in the system and, 
obviously, if poisoning by barbiturates has been correctly diagnosed, every 
effort must be made to destroy or eliminate the drug from the system; a 
very important consideration would seem to be the amount which remains 
unabsorbed in the stomach. The amounts in the liver will depend upon 
the rate of absorption from, and the amounts remaining in, the gastro- 
intestinal tract. The amount of excretion through the kidneys will depend 
upon the amount in the liver but the data indicate clearly the importance 
of the kidneys as a channel of elimination of barbiturates in the system. 
The urine, therefore, provides a most important source of information in 
cases of suspected barbiturate poisoning. 


Diagnosis of Barbiturate Poisoning 


According to Webster® the symptoms of barbiturate poisoning aie very 
variable. In general, the picture is usually one of depression of the central 
nervous system. Such initial symptoms are usually followed by a coma 
which may last for several days. After this period, the patient may recover, 
or death may supervene from respiratory failure, pneumonia or nephritis. 
In some cases, particularly those of chronic poisoning, the cumulative action 
is evidenced by symptoms resembling alcoholic intoxication. In these cases 
a chemical examination of the urine is of the utmost importance as a guide 
to correct diagnosis. 

Coma, or a comatose condition, is one of the most important symptoms 
shown in cases of barbiturate poisoning. Of the 112 cases in which bar- 
biturate was found in the organs submitted, this condition was mesitioned 
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on only 36 occasions; 20 of the remaining cases were reported as having 
been ‘found dead’ and, obviously, in such cases no precise information could 
be supplied regarding symptoms. 

Post-mortem appearances, according to Webster® are not characteristic 
although there may be, apparently, a general hyperaemia of the internal 
organs. This condition was mentioned in 6 cases out of 112 in the infor- 
mation supplied with the specimens submitted to this Laboratory. Con- 
gestion of some of the organs was mentioned in 17 cases. It is perfectly 
clear that great difficulties are associated with any attempt to decide purely 
from post-mortem findings that death was due to barbiturate poisoning. 
As in the case of arsenic, all available information concerning the surround- 
ing circumstances should be collected and considered and as complete a 
history as possible should be made available to the analyst to assist him in 
identifying the poison. It is quite clear that the final decision in the case 
of barbiturate poisoning will rest with the results of a chemical examination. 


Conclusion 


The data discussed in this paper show that, in cases of barbiturate poisoning, 
the amounts found in the viscera are generally greater than those found in 
cases of arsenical poisoning, since the barbiturates depend mostly upon their 
stability for their effects and upon the fact that the toxic effects are due to 
comparatively large doses. 

The barbiturates form a group of compounds with varying stabilities and 
rates of action and these factors introduce difficulties in attempting to draw 
definite conclusions and comparisons which will apply in all cases. 

The barbiturates are usually associated with suicide and, for this reason, 
extreme care must be exercised in elucidating the complete history of a 
case involving death from barbiturate poisoning. 


The author would like to express his thanks to members of the Toxicological 
Section of the Government Chemical Laboratories, Johannesburg, for supplying 
details of the various cases and particularly to express his appreciation of the 
assistance and advice given by Mr. J. C. Bodenstein, M.Sc., of this Laboratory. 
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Negligence in Medical Practice * 
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Johannesburg 


It is difficult to set out the principles of so practical a topic as negligence 
in Roman-Dutch law with precision and certainty, if only because, as 
was said by the Appellate Division in Pearl Assurance Co. Ltd. v. The 
Union Government, 1934 A.C. 570: ‘Law is a virile, living system... , 
ever seeking, as every such system must, to adapt itself, consistently with 
its inherent basic principles, to deal effectively with the increasing com- 
plexities of modern organized society.’ Furthermore, as the standard of 
the conduct of the hypothetical reasonable man finds its way into the 
consideration of each case of alleged negligence, each problem, as it may 
arise, must be considered on its own merits. 

As the law of negligence is a special branch of the law of delict, it is 
necessary to explain that a delict is the breach of a general duty imposed 
by law, giving rise to a civil action at the suit of the injured person. 

It may well be asked what is meant by a ‘general duty’. It is simply 
this—that the duty owed is not owed to any particular individual but is 
owed to persons generally. For the rule that you are to love your 
neighbour becomes in law, you must not injure your neighbour’. 
(Donoghue v. Stevenson, 1932 A.C. 580.) A duty, on the other hand, 
owed by one party to another under a contract and breached, would not 
constitute a delict unless, of course, that duty was, in addition, owing 
to be discharged to persons generally. 

The subject of contract has been introduced because the relationship 
between the medical practitioner and his patient is ordinarily constituted 
by an express contract or an implied contract in its most elementary 
form—in consideration of the patient undertaking to pay the doctor a 
fee, he (the doctor) undertakes to render a professional service. 


Now, that contract implies two reciprocal duties: the one owing by | 
the patient to the doctor that he pay the latter the fee, and that owing 


by the doctor to his patient that he render him the advantage of his 
professional skill. But if the doctor fails to exercise that skill and the 
patient suffers damage, what has the law to say about it? 

The law will hold, broadly speaking, that the doctor has breached the 
contract and will be liable to the patient for the damage suffered. But 
the law will go further and say that the doctor is liable to his patient in 
delict, too, and the latter therefore enjoys the advantage of choosing 
either of the two remedies; indeed, of framing his action against the 
doctor in the alternative. 


* Based upon a lecture delivered to the Medico-Legal Society (Johannesburg) in 1953. 
+ Of the Johannesburg Side Bar. 
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Whether the action resting upon a breach of a duty to exercise skill 
is brought in contract or in delict, the question necessarily follows: what 
degree of skill must be exercised by the medical practitioner and the 
surgeon to discharge the duty that rests upon them? That question can 
be simply, though superficially, answered. They must not be negligent; 
for in law unskilfulness is equivalent to negligence. 

When is a man negligent? ‘It is not easy, says Underhill in his Law 
of Torts, ‘to give a definition of negligence against which no objection 
can be advanced.’ He offers, however, the following: 

‘Negligence consists in the omission to do something which a prudent and 
reasonable man would do, or the doing of something which a prudent or reasonable 
man would not do... .’ 

In elaboration of this definition, Underhill says that 
‘in strict legal analysis it (negligence) means more than heedless or careless conduct 
whether in omission or commission; it properly connotes the complex concept of 
duty, breach and damage thereby suffered by the person to whom the duty was 
owing.’ 

Underhill then declares that the logical analysis of this concept leads 
to theoretical difficulties, a proposition which is entirely justified. 

Hence, in order that a plaintiff may succeed in an action based on 
negligence in delict, he must discharge the onus of proving, not beyond 
reasonable doubt, but upon the balance of probabilities : 

(a) That the defendant owed the duty not to be negligent to the plaintiff. 
‘Negligence,’ said Mr. Justice Solomon, J.A., in Union Government v. National 
Bank of South Africa (1921 A.D, 134), ‘is a neglect of duty and where there is 
no duty towards the party affected there can be no negligence’; 

(b) That the defendant failed in that duty; 

(c) That the act or omission complained of caused him damage, for a man may 
be as negligent as he likes in common law (with certain reservations about the 
position in crime) so long as he causes no hurt to another; 

(d) That the defendant’s act was a causa sine qua non of the loss. As Professor 


McKerron in The Law of Delict puts it: ‘The wrongful act and the loss must 
be concatenated as cause and effect.’ 


Earlier a reference was made to a duty owing to persons generally. 
Now clearly the law must put a limitation on the implication of the 
expression ‘persons generally’, and it does so by laying it down that the 
duty is owed to those persons generally to whom injury may reasonably 
and probably be anticipated if the duty is not observed. 

Much space ought not to be devoted to this element of ‘duty’. It will 
be sufficient to give the example of one well-known case (Bourhill ». 
Young, 1943 A.C. 92): 

‘A fishwife who was pregnant, was unloading her fish basket from the off-side 
of a tram when a motor cyclist travelling at an excessive speed came past on the 
near side of the tram and collided with a motor car some 45 feet away. The 
cyclist was thrown on the street and sustained injuries from which he died. The 
appellant did not see the accident, but the sound of the collision gave her such a 
shock that she was disabled from carrying on her business for some time and her 
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child was still-born a month later. The House of Lords held that she had failed 
to establish that the cyclist owed any duty to her at the time of the collision and 
that therefore she had no cause of action against the respondent, the executor- 
dative of the cyclist. Lord Wright, in that case, said: ‘The cyclist was certainly 
negligent in an issue between himself and the owner of the car which he ran 
into, but it is another question whether he was negligent vis-a-vis the appellant. . . . 
If, however, the appellant has a cause of action it is because of a wrong to herself. 
She cannot build on a wrong to someone else. Her interest, which was in her 
own bodily security, was of a different order from the interest of the owner of 
the car.’ 

It may safely be assumed that where a doctor treats his patient, whether 
gratuitously or for reward, a duty of care is owed to that patient. 

The plaintiff must also prove, it will be remembered, that the act or 
omission complained of has caused him damage, i.e. that the loss was in 
consequence of the wrong committed by the defendant. The operative 
words are ‘in consequence’. In Millward v. Glaser (1949 (4) S.A. 931) 
the facts were that the defendant had induced the plaintiff's husband by 
deliberate and intentional acts of persuasion to make a will leaving the 
entire estate to the defendant; that the causa of making the will was a 
reward for past acts of adultery and a promise to allow a repetition of such 
acts in the future; and that, but for this persuasion, the plaintiff's husband 
would have died intestate and plaintiff would have received certain monies 
under the Succession Act. Mr. Justice van der Heever said: 

“The defendant committed a wrong against plaintiff but the cause of her loss 
as far as the claim of £600 is concerned was in law not the wrong but the 
exercise by the deceased of his right of testation.’ Later he said ‘. . . the plaintiff 

. must show that the loss . . . was im consequence of the wrong committed by 
the defendant. . . . The considerations for which he (the testator) allowed 
himself to be persuaded and to make the will are in law irrelevant and no link 
in the chain of causation.’ 

The following is another example of the operation of the rule, quoted 
from the American Restatement of the Law (Torts, Vol. 2, para. 457): A 
negligently inflicts serious harm on B. While B is in a hospital under 
treatment, his nurse, unable to bear the sight of his suffering, gives him 
a hypodermic injection of morphine in disobedience of the surgeon's 
instructions and so excessive that she knows it may be lethal. B dies as 
a result of the injection. A’s negligence is not the cause of B’s death, 
but a novus actus imterveniens—the chain of causation was broken by 
the act of the nurse. 

The position seems to amount to this—that the negligent doctor would 
be liable in those damages for which his negligence was directly 
responsible, but whether it is also required to be shown that the conse- 
quence of that negligence could have been foreseen is a question upon 
which conflicting views have been expressed. McKerron put it thus: 

“With all respect to the distinguished lawyers who have taken the opposite 
view, it is difficult to see why a wrongdoer’s liability should be limited to such 
consequences as he could foresee. As between the wrongdoer and the innocent 
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plaintiff, justice would seem to require that the former and not the latter should 
bear the loss.’ 


Volumes of learned legal material have investigated the meaning of 
negligence. There can, of its very nature, be no definition which will 
permit its simple application to the illimitable number of situations 
which can arise in fact. 

Earlier it was mentioned that the plaintiff must show that the defendant 
had failed in his duty not to be negligent in law or, as lawyers put it, must 
not breach the duty, if it is proved to be owing, of care. 

Before this notion of ‘care’ is examined something should be said about 
the exercise of professional skill, synonymous with ‘care’, which the law 
requires of a doctor. 

‘Skill is something more than mere competence,’ says the American Restatement 
of the Law. ‘It is that special competence which is not part of the ordinary equipment 
of the reasonable man, but which is the result of aptitude developed by special 
training and experience. . . . In those professions which can be safely practised 
only by persons who have been trained thereto, one practising his profession 
upon others whom he accepts as patients or clients is required to have the skill 
normal to the average member of the profession. If, however, he professes special 
skill in a particular branch of his profession, he is bound to exercise such special 
skill. Thus, one going to a general practitioner for a delicate brain operation is 
not entitled to expect the special skill which he would be entitled to demand of a 
specialist in that branch of surgery; unless the operation is one which the general 
practitioner should know is beyond his competence. In such case a general 
practitioner would be negligent if he undertook the operation, except in an 
emergency when no more highly skilled surgeon was available or unless he 
disclosed the need of special ability and his lack of it to his patient and his 
patient insisted upon his performing the operation. 

‘There may be circumstances which justify the actor in doing an act which he 
realizes requires special skill although he also realizes that he does not possess it. 
The circumstances which justify the action in so doing are those which would 
cause a reasonable man to believe that the good which he is likely to accomplish 
by so doing counter-balances the risk that his lack of skill will do harm.’ 


In Mitchell v. Dixon (1914 A.D. 519) a doctor, the defendant, whilst 
acting as assistant to another medical practitioner, was called in to attend 
plaintiff. Both doctors diagnosed that he was suffering from pneumo- 
thorax, and the defendant inserted a syringe fitted with a steel needle 
into the plaintiff's back in order to explore the chest cavity and give relief. 
The needle broke off in the plaintiff's back, whereupon the defendant and 
his principal made an incision to find the needle and relieve the patient. 
They failed to find the needle, but according to their evidence there was 
a marked escape of air from the incision proving the presence of pneumo- 
thorax. The plaintiff brought action for damages by reason of the 
defendant’s negligently advising and performing the operation as a result 
of which negligence the defendant broke and left the needle in plaintiff's 
body. Though the patient had completely recovered in other respects, 
the needle still remained in his body. Thus the action rested on two 
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grounds—negligence in the diagnosis and negligence in the operation 
of manipulating the syringe. 

It was held on appeal that a medical practitioner is not necessarily 
liable for a wrong diagnosis unless his diagnosis is so palpably wrong as 
to prove negligence and that it could not be said on the evidence that a 
jury could reasonably find that the doctor had made a negligently wrong 
diagnosis. Mr. Justice Innes said: 

‘Before entering upon any discussion of the facts, it is desirable to say a word 
about the legal aspect of the matter. The plaintiff's claim is based upon negligence, 
that is, upon the absence of that reasonable skill and care which the law requires 
under the circumstances. A medical practitioner is not expected to bring to bear 
upon the case entrusted to him the highest possible degree of professional skill 
but he is bound to employ reasonable skill and care; and he is liable for the 
consequences if he does not. The burden of proving that the injury of which he 
complains, was caused by the defendant’s negligence, rested throughout upon the 
plaintiff. The mere fact that the accident occurred was not in itself prima facie 
proof of negligence. Because the needle might have been fractured by causes 
beyond the control of the operator—by the movements of the patient for instance. 
So that the maxim res ipsa loquitur could have no application. To justify a 
decision in his favour, therefore, the plaintiff was bound to establish negligence.’ 

In van Wyk v. Lewis (1924 A.D. 438) defendant, a surgeon, performed 
an urgent and difficult abdominal operation upon plaintiff. The opera- 
tion took place in a hospital at night and defendant was assisted by an 
anaesthetist and a qualified nurse on the hospital staff who acted as 
theatre sister. At the conclusion of the operation one of the swabs used 
by defendant was overlooked and remained in plaintiff's body, from which 
it passed after a lapse of 12 months. The evidence showed that, in 
accordance with the usual practice at the hospital, defendant had relied 
upon the sister to count and check the swabs used, that at the conclusion 
of the operation he made as careful a search as the critical condition of 
the patient permitted, and that both he and the sister believed that all 
the swabs were accounted for before the wound was sewn up. 

In an action against the defendant for damages for negligence in 
failing to remove the swab: 

Held, that negligence could not be inferred from the mere fact that the accident 
happened but that the onus of establishing negligence lay upon plaintiff; 

Held, further, that though defendant in performing the operation was bound to 
exercise all reasonable care and skill, as it was reasonable and proper practice to 
leave the duty of checking the swabs to the theatre sister, defendant in following 
that practice was not guilty of negligence; 

Held, further, that assuming, without deciding, that the sister was negligent in 
checking the swabs, defendant was not liable for the result of such negligence. 


“The compensation demanded,’ said the Chief Justice, ‘is in respect of injury | 


alleged to have been sustained by reason of the respondent's negligence and lack 
of skill. No doubt the duty to take care arose from the contractual relationship 
between the parties: but it was a duty the breach of which was actionable under 
the Aquilian procedure. The respondent’s liability therefore depends on whether 
it was due to negligence or unskilfulness on his part that the swab was allowed 
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to remain in the wound. That can only be decided on a consideration of the facts 
surrounding the operation. But before referring to those it will be convenient to 
enquire what standard of diligence it was the respondent's duty to observe, and to 
determine where the onus of proof lay.’ , 


Later His Lordship said, having determined that the onus of proving 
negligence lay on the plaintiff patient: 

‘The charge against the respondent is not really one of incompetence; it is not 
alleged that he did not possess or that he failed to exercise due surgical skill. 
Nor could it have been. For it is clear that he performed a difficult operation 
under trying circumstances, and that he saved the patient’s life. The real conten- 
tion is that he was careless.’ He then went on to say: ‘After considering all the 
evidence the position seems to be this: the respondent relied upon the sister to 
count and check the swabs; at the conclusion of the operation he made as careful 
a search as the critical condition of the patient permitted; the sister believed that 
all the swabs had been accounted for; the respondent came to the same conclusion, 
but whether from her silent assent or from her words, it is impossible to say, and 
he therefore proceeded to sew up the wound. I am not prepared to differ under 
these circumstances from the finding of the learned judge that the charge of 
personal negligence has not been made out.’ 


In an action by plaintiff against defendant, a dentist, for damages due 
to negligence, the Court found that: 

1. In the course of an operation in which he extracted plaintift’s teeth defendant 
caused a dislocation which he should on examination, which it was his duty to 
make, have perceived; 

2. Though plaintiff remained in his care for two days, and then with his 
consent left it, he, not until nine days later when she returned to his care, made 
an attempt to remedy such dislocation, and meanwhile neglected to inform plaintift 
of its existence; 

3. He then for the first time made such attempt but unsuccessfully and in the 
course thereof caused a fracture of the jaw; 

4. Though at the time he perceived such fracture he neglected to inform plaintiff 
of its existence and continued until 16 days later, when plaintiff left his care, and 
onwards to withhold information from her both of the existence of the fracture 
and of his inability to reduce the dislocation.’ 


On those facts it was held that the defendant was guilty of negligence 
in failing to inform plaintiff of the nature of the injuries he caused her, 
in failing to treat the dislocation and in allowing her to be out of his 
care in such ignorance and with such injuries, and was in consequence 
liable in damages. (Prowse v. Kaplan, 1933 E.D.L. 257. See also Dale 
v. Hamilton, 1924 W.L.D. 184, and Hewat v. Rendell, 1925 T.P.D. 679.) 

Halsbury’s Laws of England, Vol. 20, par. 815, says that no general 
tule about the degree of skill and knowledge required of the practitioner 
can be laid down, and the question in each case must depend upon the 
particular circumstances which surround it. The practitioner need not, 
however, bring to the performance of his duties the highest possible degree 
of skill, and where it can be shown that he exercised reasonable care 
and average skill his duties have been sufficiently discharged. 

“Accordingly, he is not responsible merely because some other practitioner of 
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greater skill and superior knowledge might have prescribed a different treatment } 


or operated in a different manner .. . 

‘Where during an operation a practitioner forms an opinion that it is necessary, 
in order to save the patient's life, to remove some organ or limb, and accordingly 
removes some organ or limb whereby the patient is injured, the practitioner cannot 
be charged with negligence for having taken that step, unless there is evidence 
that express instructions were given by the patient that no organ or limb should be 
so removed, and that the operation was performed negligently. . .. Nor will 
negligence be admitted in an operation involving possibilities of danger to the 
patient, if it can be shown that the nature of the operation and the possible 
dangers were communicated to the patient who expressly or tacitly signified his 
assent thereto. Further, it is submitted that, where an operation of a new or 
unusual nature is performed, no negligence is to be imputed to the practitioner if 
the operation be performed in accordance with modern science, and the peculiarities 
and the possible results of the operation have been previously communicated to the 
patient who has submitted himself thereto.’ (Para. 816.) 


It is necessary now to consider what degree of negligence is necessary 
to constitute a criminal offence. 

Though South African law differs from English law on this point, it 
should not be uninteresting broadly to indicate how that system of law 
deals with it. 

Three principles emerge from the English law: 


i. What amount of negligence amounts to criminal negligence is a question of 
degree depending upon the facts of each case; 

ii. In considering whether negligence amounts to a criminal offence the actual 
negligent act must be considered and not its results; 

iii. A medical practitioner is not required in law to make as certain as is 
humanly possible that he administers a correct dose of any preparation. In short, 
the Crown would have to show a dereliction of duty amounting almost to gross 
negligence. ‘Simple lack of care,’ said Lord Atkin in Andrews v. Director of 
Public Prosecutions (1937 A.C. at p. 583), ‘such as will constitute civil liability is 
not enough: for purposes of criminal law there are degrees of negligence and a 
very high degree of negligence is required to be proved before the felony is 
established. Probably of all the epithets that can be applied, “ reckless” most 
nearly covers the case.’ 


That is the law in England, though I must immediately say that that 
pronouncement of Lord Atkin’s has been criticized as being too broad. 

But in South Africa the Appellate Division, in Rex v. Swanepoel (1945 
A.D. at p. 448) reiterated the law as laid down in Rex v. Meiring (1927 
A.D. 41) that ‘the test of negligence to be applied in criminal trials is the 
same-as that applied in civil cases’. His Lordship, Mr. Justice Innes, C.]., 
said in Meiring’s case: 

“The State only intervenes in serious cases, for it is only in regard to them that 
intervention is called for in the public interest. That fact, the importance of the 
possible consequences to the accused and the high degree of assurance required will 


always invest criminal proceedings with a greater gravity than would surround a 
civil suit for the same act. But the test of liability should be the same in both.’ 


So in Rex v. V. (1948 (4) S.A.L.R. 349) the accused, a young doctor 
who had arrived at a new appointment a week before the incident took 
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place, received a number of syphilitic patients for treatment. The doctor 
who would ordinarily have treated them was busy and he asked the 
accused to attend to them. The treatment was to inject a drug, Neo- 
Halarsine, which contained arsenic, intravenously. The accused doctor 
had never used the drug before, but had read about it. The other doctor 
pointed to the shelf where the drug was kept and said: “Take an ampoule 
and: mix it with 9 c.c. of water and that would be the maximum dose.’ 

Unknown to the doctor who gave the advice, a new consignment of 
the drug had arrived, in which each ampoule contained 10 times the dose 
he had used previously. There were instructions in the cartons contain- 
ing the ampoules, but the accused did not read these. He administered 
the dose as he had been told, and two of the patients died as a result 
of the overdose. 

The Court held that a high degree of care is required of an expert 
such as a doctor, particularly when handling drugs which he knows to be 
dangerous. By failing to read the instructions or to notice that the 
ampoules contained multi-doses, the accused had failed to exercise the 
requisite degree of care. He was therefore negligent, and as his negli- 
gence resulted in the death of a human being he was guilty of culpable 
homicide. (Commercial Law Reporter, December 1948.) 

Mr. Justice Steyn said at p. 352 of the official Report that the accused 
did not exercise that degree of care in administering this poisonous drug 
as was required of a reasonable man, and in the circumstances he and 
his assessors had no doubt that the accused was guilty of the crime with 
which he was charged. 

His Lordship imposed the lightest sentence which he could—a fine of 
£10 on each count. He expressed the hope that the Medical Council 
would regard the conviction and sentence as sufficient punishment. By 
his own negligent acts, His Lordship said, the accused had damaged his 
medical career, but having had his lesson he trusted that it would make 
him a better doctor in the future and that he would be extremely circum- 
spect and not lightly handle cases involving risk to health or of death 
without satisfying himself of his ability to do so. 

The distinction between the English system and the South African, as 
illustrated by Akerele’s case [(1943 (1) A.E.R. 367] and R. v. V. is clear. 
The South African Judge convicted, but related the degree of negligence 
to the punishment, as may be inferred from his remarks. The English 
Courts, on the other hand, measured the degree of negligence for the 
purpose of deciding whether a conviction should follow. 

Now, that being so, the standard in South African law by which the 
conduct of the accused is to be measured in deciding whether the act is 
culpable in crime is still the standard of conduct of the reasonable man. 
The negligence may vary in degree and may thus be punished more 
severely in one case than in another. 

It is submitted that in South African criminal law, whilst the Srate will 
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only intervene in serious cases, negligence, or any deviation from the | 


standard of conduct of the reasonable man, is a crime; that consequent 
damage to another is irrelevant; that the degree of negligence is only a 
factor determining the punishment. | 

More specific issues can be dealt with by the following quotations : 


i. Chief Justice Innes said in Mitchell v. Dixon (supra): 

‘A medical practitioner is not necessarily liable for a wrong diagnosis. No 
human being is infallible; and in the present state of science, even the most eminent 
specialist may be at fault in detecting the true nature of a diseased condition. A 
practitioner can only be liable in this respect if his diagnosis is so palpably wrong 
as to prove negligence, ie. if his mistake is of such a nature as to imply an 
absence of reasonable skill and care on his part, regard being had to the 
ordinary level in the profession.’ 

ii. Medical men who advise or employ special apparatus—electrical apparatus is 
an example—should enjoy a reasonably sound knowledge of its use and effect upon 
the patient, reasonable according to the general standard exercised at the time by 
the members of the profession (see Mackintosh and Scoble’s Negligence in Delict). 

iii. Wessels, J.A., as he then was, said in van Wyk v. Lewis (supra): ‘In 
determining whether a surgeon, conducting an abdominal operation in a hospital, 
is entitled to place reliance on the counting of the swabs by a qualified and 
competent hospital sister and whether by so doing he has expressed a reasonable 
degree of skill, care and judgment, we must consider the prevailing practice of the 
profession and all the circumstances surrounding the operation. ... We must 
therefore admit that in operations . . . some team work is essential... . To what 
extent the doctor should or should not rely upon the team work of the hospital 


assistants, depends entirely upon the nature of the particular case.’ In van Wyk’s | 


case the surgeon was called upon to perform a difficult emergency operation in 
which it was necessary to close the abdomen as speedily as possible. It was held 
that, in the circumstances, it was not unreasonable for the surgeon to depute the 
swab count to a qualified nurse and to rely upon her accuracy. In certain circum- 
stances, no doubt, the surgeon’s failure to make a check might constitute negligence. 
It is submitted, however, that failure to check the nurse’s count would rarely be 
negligent in a major abdominal or thoracic operation. 

iv. The plaintiff claimed damages from the defendant, a medical man, on the 
ground of (a) alleged improper setting of his broken leg, with consequent shorten- 
-ing, and the necessity for further operations; and (b) alleged refusal to attend him 
on request after the setting of the leg. 


The setting had been done on a remote farm in very unfavourable circumstances, | 


no hospital being available, nor any place to which the plaintiff could have been 
removed for better treatment; and the medical man did not repeat the visit because 
he did not wish to run up the fees, which had been guaranteed by a third party, 
and because from time to time such third party gave him favourable reports of 
the progress of the case. It was held that judgment of absolution should be 
pronounced since: 

1. The treatment employed, though not the highest and most skilful, was 
reasonable under the circumstances; 

2. It was not proved that the shortening might not have occurred, or that the 
subsequent operations might have been avoided, even with the best possible degree 
of treatment; 


3. The facts did not establish the alleged request or the refusal to attend; and 


even if the defendant had repeated his visit (which in the opinion of the Court 
he should have done) it did not follow that the shortening would have been 
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prevented (Mitchell v. Dixon (supra) was applied). (Webb v. Isaac (1915) E.D.L. 
273. 

a medical man, while he does not in law undertake to-perform a cure or to 
treat his patient with the utmost skill and competency, is liable for negligence or 
unskilfulness in his treatment; for, holding himself out as a professional man, he 
undertakes to perform the service required of him with reasonable skill and 
ability [Coppen v. Impey (1916 C.P.D. 309)}. 

It may well be asked to what extent a practitioner may employ untried 
techniques. Macintosh and Scoble say: 

‘It is in the public benefit that new methods be tried out, but the practitioner 
should explain the nature of the experiment, what extra risk there is and obtain 
his consent thereto (Kitchen 11 and Bevan ii 1359). Such consent will, however, 
be no defence if the experiment has no foundation in scientific thought and 
research.’ 

Next there is the question about the duties of a specialist and the 
extent by which they differ, if at all, from those owing by a general 
practitioner. Underhill says, as a general principle, that: 

‘A person who undertakes something requiring special knowledge or skill is 
negligent if by reason of his not possessing that knowledge or skill he bungles 
although he does his best. . . . So, a person practising surgery without the 
otdinary knowledge or skill of a surgeon is negligent if he blunders by reason of 
his want of knowledge or skill.’ 

The specialist will be deemed to have blundered if his act or omission 
causing the damage was such that it would not have been done or omitted 
to be done by the generality of members of his profession of like status. 

There is one further problem (though dissociated from negligence) 
which often concerns the doctor, viz., the circumstances in which a doctor 
would be liable for damages for operating upon a patient without his 
consent. 

Earlier it was mentioned that damages must be proved to have been 
suffered before a civil action based on negligence can succeed. A doctor’s 
liability for operating without consent arises from assault. In assault, 
as in negligence, for a plaintiff to succeed, he must prove actual loss, 
unless contumelia (i.e. some insult or impairment of person, dignity or 
reputation) is involved. Now in Stoffberg’s case a surgeon removed the 
plaintiff's penis without his express consent. He was suffering from cancer 
of that organ. It was proved that had the surgeon not done what he did, 
plaintiff would have died an agonizing death within a year or two. In 
those circumstances the jury found that no damage had been suffered 
and accordingly the action was dismissed. 


{In the case of B. v. Rompel and H. in the Transvaal Provincial Division 
of the Supreme Court of South Africa a patient recovered damages for a 
fracture-dislocation of the left humerus in the course of electrical shock 
treatment—it being held that he was entitled to damages because the 
dangers of the treatment had not been explained to him. This case was 
reviewed briefly by Dr. A. Palley in the South African Medical Journal, 
1953, 27, 700 (15 August).—Editor.] 
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Human Fat 
‘Some Analytical Constants 


J. D. Kidd, M.Sc., F.R.LC. 
Government Chemical Laboratories, Johannesburg, South Africa 


Amongst primitive peoples the practice of cannibalism has, at some time 
or other, existed in almost every part of the world. The reasons for this 
practice depended to a large extent on local circumstances, e.g. a shortage 
of animal protein, a change in diet, religious rites, etc. but contact with 
Western civilization has resulted in its almost complete disappearance. 

Cannibalism is, however, still known amongst certain tribes in West 
and Central Africa, New Guinea and Melanesia. In Southern Africa the 
existence in this Atomic Age of a type of cannibalism seems almost 
incredible but the undesirable persistence of this ancient custom caused 
the British Government to appoint an investigator to study the old- 
established practice of Diretlo murder in Basutoland and to publish the 
results of his conclusions.! 

These ritual murders are instigated by witch doctors with the object 
of utilizing certain human organs or tissues to make ‘protective medi- 
cines’.2 A list of murders, believed to be ‘Medicine Murders’, dating from 
1895 to the end of 1949, shows that the area from which the flesh was 
taken and the type of victim vary in almost every case.> Sex, age or 
physical condition appear to play no particular part and the amounts of 
flesh taken vary enormously—sometimes only the bones being left4 An 
even more unpleasant feature of this practice is a case where portions of 


skin had been removed from a live, naked person from such diverse parts | 


of the body as the calf of a leg, groin, beneath the breast and from the 
biceps of an arm. Then the entire face was skinned by a knife before 
the unfortunate victim was put out of his misery by having his throat 
cut.5 

‘Medicine Murders’ are not confined solely to Basutoland, as_ this 
laboratory has also received from time to time from the Police in Swazi- 
land and British Bechuanaland samples of fatty materials for the purpose 
of determining whether they are, or contain, human fat. 

Human fat must surely be the commonest and most abundant lipoid 


in the world, but doubtless due to the fact that it has, in civilized circles | 


at any rate, no commercial use most standard textbooks on oils, fats and 
waxes make no mention of it. Lewkowitsch® devotes a mere 3 pages to 
human fat, giving 10 references to work done up to 1909; of these, only 
two (Jaeckle’ and Mitchell*) give some of the analytical constants for 
fat from a normal adult. Kirschenbauer? gives a set of constants where 


the melting point range is given as 12.5° C-17.5° C; the latter figure is 
also that given by Mitchell.® 
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From time to time, a few samples of genuine human fat have been 
submitted and from the physical condition of these at summer shade 
temperatures there was little doubt that the melting point (complete 
fusion) was very much higher than 17.5° C. 

It was, therefore, thought desirable to undertake further examination of 
an appreciable number of samples of human fats and to find the range 
of those constants which are useful for purposes of identification and 
which might serve to differentiate this fat from all other common fats. 

General. This investigation extended over a period of 10 months, so 
as to secure fatty material from as wide a section of the population as 
possible. The specimens were obtained from tissues which had been 
submitted for chemical examination by the Medico-Legal Pathologist, 
Johannesburg. In all cases the fat was extracted from the tissue within 
24 hours of the taking of the sample; if necessary, the material was 
kept in a refrigerator. 

Adipose Tissues Examined, From Police sources the writer was informed 
that the regions generally selected for ‘Protective Medicine’ are the chest 
(C), the lower abdomen (A) and the pubic area (P). The interior of the 
body is rarely used for this purpose, but for comparison some samples 
of fat from the mesentery (Mes) were also examined. 

Races Selected. Fatty material from Europeans, Coloureds and Natives 
of both sexes was examined. (At least one case is known where Europeans 
have been the victims of a ritual murder.) 

Extraction of Fat from the Adipose Tissue. The fatty material, ranging in 
weight from 75 grammes to 135 grammes, was put through an ordinary household 
meat mincer and the minced material transferred to a 12 oz. wide-mouth bottle 
provided with a ground glass stopper. The fat was extracted by vigorous shaking 
with 4 or 5 separate quantities, each about 75 ml., of petroleum ether (B. Pt. 
40°—60° C) until the last extract was colourless. The separate extracts were 
dehydrated with powdered anhydrous sodium sulphate in a 300 ml. beaker and the 
bright solutions resulting from this treatment were united in a round bottomed 
flask of 500 ml. capacity. The petroleum ether was distilled off in a suitable 
solvent recovery apparatus and the oily residue transferred to a glass evaporating 
dish and heated over the water bath until the last traces of solvent had disappeared. 

Appearance of Human Fat. In all cases the extracted lipoid was a golden 
yellow oil at normal body temperature (37° C); on cooling to laboratory 
temperature (circa 20° C) varying proportions of solid fat slowly separated 
out. Even when the laboratory temperature during the winter months fell 
to about 10° C overnight, many fats were remarkably fluid. On occasions 
during the summer months the: laboratory temperature rose to nearly 
29° C, at which temperature only one sample (No. 16, Table I) was 
completely liquefied. 

Some samples of fat were kept in clear glass bottles and placed close 
to a window with a southern aspect (i.e. away from direct exposure to the 
rays of the sun). Fats so exposed during the summer months were 
completely bleached in 6 to 8 weeks. 
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Table I: Analytical Constants of Human Fat* 


Date Refractive Iodine M.Pt 
No. Received Race Sex Region Index Value "C'C) 
at 40°C 
1 23 September Mes 1-4575 70-9 34-5 
2 #1952 N F Cc 1-4607 69°5 34-0 
3 A 1- 4602 70-0 34-5 
4 9 October Mes 1-4602 70-9 29-5 
5 1952 N F Cc 1-4605 69-2 30-0 
6 P&A 1-4604 64:8 29-0 
7 20 October Mes 1-4604 66-3 30-5 
8 1952 N F C 1-4603 65°3 32°5 
9 P 1-4601 66:6 31-0 
10 25 November & M Mes 1-4561 64-8 34-5 
1952 

11f 24 February E 'M C 1-4555 58-7 33-0 
12 1953 A 1-4560 61°6 32-5 
13 13 March E F Cc 1-4578 65-1 34-5 
14 1953 P&A 1-4592 69-8 34°5 
15 17 March E M C 1-4578 67-4 34-5 
16 1953 P 1-4595 70-9 28-5 
17 31 March C M Cc 1-4596 65:3 36-0 
18 1953 P 1-4578 67°9 32-0 
19 27 May N M C 1-4600 60-9 34-5 
20 1953 P&A 1-4573 61-7 34-5 
21 17 June N M C 1-4610 70-0 35-0 
22 1953 P 1-4605 69-9 34-5 


+ This fat has both the lowest iodine value and refractive index of all, and was the 
only fat which was not partly liquid at 15° C. 

* E = European; N = Native (African); C = Coloured. 

Refractive Index. This was determined at the usual temperature of 
40° C by means of a Zeiss refractometer. 

lodine Values. All values were estimated in duplicate by the Wijs 
method and the figures shown are the average of 2 such determinations. 

Melting Point. Kirschenbauer!® defines the melting point as ‘that 
temperature at which a sample, heated in a capillary tube, becomes 
uniformly transparent’; Bolton '! also advocates the use of a capillary tube 
and his definition of the melting point (complete fusion) is essentially the 
same. Observations at air temperatures of samples of human fat, extracted 
as described above, indicated clearly that the range between complete 
solidification and complete fusion was fairly wide. Hence melting point 
determinations in an open or closed capillary tube, involving only 1-2 mg. 
of material, might conceivably yield fictitious results. It was considered, 
therefore, preferable to devise a procedure whereby a relatively large 
amount of fat was used for the melting point determination. The 
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apparatus and method used for this purpose were as follows: 

An 800 ml. beaker, two-thirds filled with water, was covered with a circular 
piece of stiff cardboard, in which were drilled suitably sized holes for a thermometer, 
the vertical rod of an electrically operated stirrer and 4 concentric, loosely fitting 
test-tubes, 5” x 4”, held in position by means of rubber bands. These tubes 
could, therefore, be quickly removed and the contents shaken without any appreciable 
fall in temperature. 

About 1 ml. of the molten fat was pipetted, without touching the sides, to the 
bottom of the test tube, which was then placed for 10 minutes in a mixture of ice 
and water at 0° C. It was immersed to a depth of about 2” in the water, which 
was at a temperature of about 10° C, and maintained at this temperature for 
15 minutes. Then the water was slowly agitated by the stirrer and its temperature 
was raised at the rate of about 1° C every 5 minutes by means of a small burner. 
When the fat was approaching the temperature producing complete clarity, the 
test tube was removed from the water bath, shaken for a few seconds and quickly 
returned to its position in the bath. By this means the temperature of complete 
fusion was determined to the nearest 0.5° C. Melting point determinations of 4 
separate fats were thus made at the same time and each set of determinations was 
repeated for confirmation of the original results. 

The results of the examination of 22 samples of human fat are recorded 


in Table I. The conclusions are as follows: 


Ranges of Analytical Constants 


(i) Refractive Index at 40° C, This lies between the limits of 1.4555 
and 1.4610 (Butyro-Refractometer Nos. 44.4 to 52.5). Fig. 1 has been 
constructed on the lines used by Fryer and Weston'!? for the graphical 
representation of the limits of fat constants and includes other animal 
and vegetable fats and vegetable oils (shaded rectangles), which possess 
refractive indices wholly or partly within the same range as that found 
for human fat (solid rectangle). It will be noted that the range for human 
fat is very much greater than that for other common animal fats and, with 
the exception of palm oil, vegetable fats and oils. 


AnimalilVegetable Animal|Vegetable 
fatsifats&oils oy fatsifats &oils 
on 
14610 Fouve 4525 70} 
LARD 
14593 50-0 65 LHUMAN Fat 
le / Lwownan —TSttg 
14576 U 1475 got é 
HUMAN FAT4 Hessen LaRo 
ease + MOWRAH 
14559) A TALLOW 145-0 oe 
rau + PALM 
BUTTER FAT + ciate sonerar 4 
: VEGETABLE 
14542 3 TALLOW 4425 sof a 
Fig. 1. Refractive Indices at 40° C. Fig. 2. lodine Values. 
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(ii) Iodine Value. This lies between 58.7 and 71. Fig. 2, constructed 
on similar lines to Fig. 1, shows that the range only coincides with the 
upper limits of iodine values for 3 other fats and oils compared with 
9 fats and oils coming wholly or partly within the range of refractive 
index for human fat. 

(iii) Melting Point. The melting point (complete fusion) lies between 
28.5° C and 36.0° C. The figure of 17.5° C, given both by Kirschen- 
bauer? and Mitchell® is, therefore, much too low. The range (7.5° C) 
within which complete fusion of human fat takes place is great, but so 
is that of lard.'3 

Variation of Fat Constants in the Individual. The figures in Table | 
also reveal the interesting fact that an appreciable variation of fat 
characteristics exists sometimes between samples extracted from different 
anatomical regions of the same individual, e.g. compare the refractive 
indices of Nos. 19 and 20, the iodine values of Nos. 5 and 6, and the 
melting points of Nos. 15 and 16. 


Differentiation between Human Fat and other Common Fats 


From the data now available it has been found that human fat possesses 
certain characteristics which enable it to be distinguished from other 
common fats. These characteristics are: 

1. Physical Appearance at Air Temperatures. A noticeable feature of 
human fat is the wide range of temperature between solidification and 
complete liquefaction. This temperature range lies approximately between 
10° and 30° C and the existence within these limits of a fatty material 
in a state part solid and part liquid is in itself a useful criterion which 
eliminates a number of common animal fats such as lard, beef tallow 
and mutton fat. The colour is not particularly diagnostic as this depends 
on the extent to which the fat has been exposed to actinic rays. 

2. Refractive Index and Iodine Values. It will be seen from Figs. 1 and 
2 that only 2 fats, lard and mowrah (or Bassia) butter, possess these 2 
characteristics falling wholly or partly within the corresponding ranges 
for human fat. The former fat is distinguished from human fat by its 
higher melting point range (34° to 41° C) and also by the fact that 
human fat does not deposit crystals from ether solution when submitted 
to the identification test for lard as described in the B. P. 1948.!3 Mowrah 
butter is a product indigenous to the Indian Peninsula and is unlikely to 
be encountered in this country. Being a vegetable fat it could, if its 


presence were suspected, be readily distinguished from human fat by the | 


absence of cholesterol. 
The saponification values were determined on 3 samples of human fat 


(Nos. 4,'5 and 6) and were found to be respectively 193.5, 194.7 and 200. | 


As these figures come within the common range of a very large number of 
fats and oils, the saponification value is, therefore, of no use for purposes 
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of identification. Mitchell's figure of 145 for the saponification value of 
human fat is not confirmed. 

The possibility that a mixture of fats and oils might be compounded so 
as to yield a product closely resembling human fat in appearance and 
colour and yielding constants within the above-mentioned limits has not 
been overlooked. It is, however, extremely unlikely that persons, such 
as witch doctors, would possess either the knowledge or skill to effect this. 
On the contrary, there is evidence that in the past witch doctors have not 
hesitated to deceive their ‘patients’ by selling them common animal fats 
as ‘Protective Medicines’. 


The Fatty Acids of Human Fat 


This investigation was carried a stage further by ascertaining some of the 
characteristics of the mixed fatty acids and their liquid and solid 
components. 

The mixed fatty acids were isolated from the fats of 2 samples by the 
procedure described by Hilditch,'* saponifying about 20 grammes of fat. 
The ether extracts (and also those mentioned below in the further 
separations) were dehydrated with powdered anhydrous sodium sulphate 
before removal of the solvent by evaporation and the residue freed from 
the last traces of ether by heating on a glass dish on the water bath. The 
properties of these acids are shown in Table II. It will be noted that, with 


Table II: Properties of the Mixed, Solid and Liquid Fatty Acids from Human Fat 


Ex fat Refractive Todine Melting Composition (%w|w) 
No. | Type Index Value Point 

at 40°C (°C) Found | Caled. 

M 1-4504 57:1 34-5 _ —_ 

4 S i 13-3 52:5 24-2 23-4 
L 1-4540 70:5 1-0 75-9 76-6 

M 1-4509 46-6 36-0 — 

5 S - 9-0 54°5 30-2 25-8 
L 1-4590 59-7 13-5 69-8 74-2 

M 1-4487 56-1 32-5 — — 

6 S —_ 21-1 — 18-2 19-7 
L 1-4520 64-7 4-0 81-8 80-3 

M 1-4451 54-6 31-5 — _— 

8 S — 5-2 56-0 16-4 10-4 
L 1-4515 60-3 0-0 83-6 89-6 

M 1-4498 65°5 34-0 _— 

9 S == 15-1 57-0 29-0 30-5 
L 1-4535 87-6 9-0 71-0 69-5 


the exception of No. 8, the melting points of the mixed fatty acids are 
higher than those of corresponding fats; the refractive indices and iodine 
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values are also higher. In distinction from the corresponding fats all the 
mixed fatty acids were solid at 20° C. 

These mixed fatty acids were next separated into their ‘solid’ and 
‘liquid’ components by the method advocated by Hilditch,!> but using 
only 2 grammes of material and amounts of the reagents in proportion. 
The ‘solid acids’ content was found by direct weighing of the residue 
after removal of the extracting solvent; the percentage figures for the 
liquid acids were obtained by difference. The properties of the solid (S) 
and liquid (L) acids so obtained are also shown in Table II. As all solid 
fatty acids possessed an appreciable iodine value, it was evident that a 
clear-cut separation into saturated and unsaturated fatty acids by the lead 
salt-alcohol method used was not effected. The figures in the last column 
of Table II were calculated from the iodine values found for the solid, 
liquid and mixed fatty acids. In spite of the lack, in some cases, of close 
agreement between the calculated composition and that found, these 
results are of interest. Mitchell’s conclusion? from the examination of one 
sample only, was that human fat consisted of about 70% of liquid acids, 
mainly oleic acid, 30% of solid acids, essentially palmitic acid, and traces 
of lower volatile acids. But the figures in Table II show that variations in 
the proportions of solid fatty acids in fatty material obtained from 
different anatomical parts of the same individual are as noticeable as other 
differences in the fats themselves. The solid fatty acids contents of fats 
Nos. 8 and 9 are widely different although Table I shows that these 
particular fats are remarkably similar both in their melting points and 
iodine values. 


The writer wishes to thank the Director and staff of the Medico-Legal Laboratories, 
Johannesburg, for the interest shown, Dr. P. R. v. d. Riet Copemann of these 
laboratories for advice and interest, and the Chief, Division of Chemical Services, 
Pretoria, for permission to submit this MS. for publication. 
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Applications of Polarography to Analytical 
Toxicology 


II. Applications of Polarography to the Problem of Plumbism 


Charles D. Proctor, Ph.D., F.A.LC. and Y. T. Oester, M.D., Ph.D. 


Department of Pharmacology, Stritch School of Medicine and the Graduate 
School, Loyola University, Chicago, Ill., U.S.A. 


The polarographic method of analysis depends upon the concentration 
polarization of a reducible entity, in the case at hand, the lead ion. This 
analytical method could be applied to the study of the toxicology of 
plumbism in many ways. Two of these were selected for this investigation. 
A study of the ionization effects of given agents upon lead is possible in a 
particularly exacting manner. This is a desirable end in the theoretical 
study of the chemotherapy of plumbism in view of the fact that the toxic 
manifestations of lead are attributable, in the main, to the ionized form of 
the element. Secondly, the fundamental analytical advantages of the polaro- 
graphic method over the usual methods of analysis, which have been 
demonstrated in numerous instances,! are particularly applicable to the 
problem of the analysis of biological material for lead. The thermodynamic 
laws which govern polarography, exemplified by the Nernst and Ilkovic 
equations, are obeyed with much greater exactitude than is the classical 
Beer-Lambert law which forms the basis for the widely used dithizone colori- 
metric technique for lead determinations. The dithizone procedure is quite 
exact when in the hands of a well-trained worker and adequate precautions 
are taken to stay within the range of its effective limits?»3 This method 
however, requires the expenditure of much time. Such expenditure of time 
is almost directly proportional to the great precautions which must be taken 
to rid the biological material of substances which might interfere with the 
final dithizone colorimetric determination. The qualitative selectivity of the 
polarographic method afforded reason enough for its use in the determina- 
tion of lead in biological material. 

In view of the great demands upon the time of the analytical toxicologist 
and considering the importance of rapid screening methods to ascertain 
excessive exposure to lead in the field of industrial toxicology, the adapta- 
bility of a polarographic method for the determination of lead in biological 
material was studied. Test of the application of the polarographic method 
to the needs of these fields was made by undertaking a study of specimens 
of urine and tissues from normal and lead-intoxicated persons in the 
Chicago, Illinois, area. This study, though not nearly as extensive as the 
work undertaken by Gant in the same geographical area, > was undertaken 
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to confirm and extend his results by a different acceptable analytical 
technique. 


The Polarographic Determination of Lead in Body Fluids 
and Organs 


In the literature of polarography, with slight exception,*’ little attention has 
been paid to the application of the method to the determination of lead 
in body fluids and tissues. Scrutiny and trial of those methods which had 
already been presented ruled out their use in this study on a basis of either 
excessive expenditure of time,>:7 increased risk of contamination due to the 
necessity of many reagent additions during the course of the analysis,>»7 or 
the production of poor polarograms due to failure to remove interfering 
substances.*+© A survey was made of the methods unrelated to polarography 
which already have been used to determine lead in biological samples. 3:6 
The following procedures have been evolved to satisfy the needs presented 
by the analytical problem under study. 

Preparation of the sample was varied, for urine, on the one hand, and 
blood and tissues on the other. A polarographic method for lead determina- 
tion in blood has been advanced by Teisinger.® It dealt only with a plasma 
lead value which was not, in the authors’ hands, reliable. It is well known 
that blood corpuscles have a considerable lead content and they are, in the 
strictest sense, tissues. Therefore, the determinations of lead in blood have 
been made in a manner identical with organ tissue determinations. 

Organs were treated with concentrated nitric acid, dried, ashed, treated 
with hydrochloric acid to remove refractory substances and extracted with 
citric acid. Following this they were de-aerated and polarographed. Urine 
samples were handled by precipitating the metal from the sample by use 
of a precipitating reagent which contains calcium carbonate and ammonium 
hydrogen phosphate stabilized in solution with hydrochloric acid. This 
solution had been proved to precipitate lead tertiary prosphate quantitatively 
in alkaline solution at pH 8-11.8 It was reasoned that other metals, because 
of the general insolubility of their phosphates and, in some cases, their 
carbonates, might be precipitated from solution in a similar manner. Follow- 
ing the precipitation the precipitate was ashed, the refractory material 
removed and the ash dissolved in citric acid solution with subsequent 
polarography. 

Tartaric acid was the original choice for the polarographic supporting 
electrolyte. This agent was abandoned because it was found that the length 
of time necessary to extract ash residues quantitatively with this acid was 
prohibitive. This fact had been borne out in the literature? It was chosen 
originally because Lingane had shown that tartaric acid afforded a polaro- 
graphic spectrum of metals including Cu, Sn, Bi, Pb, Cd, Sb, As and Zn, at 
sufficiently separated potential intervals.!° Citric acid, in a 20% concentra- 
tion, proved to be satisfactory for extraction. It was also assumed that its 
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chemical similarities to tartaric acid would make it satisfactory as a support- 
ing electrolyte. This hypothesis has proved to be correct in the main. 
Mineral acids were abandoned as supporting electrolytes because the limiting 
currents obtained in them were uniformly lower than those obtained in the 
organic acids used. 

Analytical Procedures 
Reagents : 

1. Hydrochloric Acid, A.C.S., Sp. Gr. 1.19. 

2. Ammonium Hydroxide, A.C.S., Sp. Gr. 0.900. 

3. Nitric Acid, A.C.S., Sp. Gr. 1.42. 

4. Metal-Free Water: Ordinary laboratory distilled water is redistilled twice 
from an all-pyrex distillation apparatus. 

5. Precipitating Solution: To 2.5 gm. of calcium carbonate (A.C.S.) add 7 c.c. 
concentrated hydrochloric acid; add 2 gm. of diammonium phosphate (A.C.S.) and 
make up to 100 c.c. with metal-free water. Any phosphate precipitating out is 
redissolved by adding hydrochloric acid drop by drop until the solution clears (stable). 

6. Citric Acid: 200 gm. of citric acid (A.C.S., Mallinckrodt low Pb) is dissolved 
in and made up to 1 litre with metal-free water. A small crystal of thymol is added 
(stable for several months). 

7. Gelatin Solution: 1.0 gm. of Gelatin, C. P., is dissolved in and made up to 
1 litre with metal-free water. 

Procedure for Urine. 80 c.c. of urine are measured into a 250 c.c. pyrex centrifuge 
tube. Four c.c. of the precipitating solution and 1.0 c.c. of ammonium hydroxide 
are added in order. The tube is shaken well and is then centrifuged at 2,500 r.p.m. 
for 15 minutes. The supernatant liquid is decanted and the tube containing the 
residue placed in a drying oven until dry (usually 15 minutes at 110° C). It is 
then transferred to a muffle furnace set at 950° F and ashed for 45—60 minutes. 
On removal it is allowed to cool to room temperature. 0.5 c.c. of hydrochloric acid 
is added and evaporated to dryness in the oven. The sample is removed from the 
oven and allowed to cool, whereupon 5 c.c. of 20% citric acid are added by 
volumetric pipette. The sample is then well shaken, transferred to the polarographic 
cell, 1 drop of the gelatin solution added and, following de-aeration by bubbling 
nitrogen through the solution for 5 minutes, the sample is polarographed at voltage 
settings to include the half-wave potential of lead. 

Procedure for Organs. 20 gm. of finely comminuted tissue (Waring Blendor), 
20 c.c. of blood, or 5 gm. of well chopped bone are weighed or measured into a 
silica evaporating dish (50-100 c.c. capacity); 8 c.c. of concentrated nitric acid are 
added and the sample is evaporated to dryness on the water bath. The dish is 
removed, wiped dry on the outside with a clean towel, placed in a muffle furnace at 
950° F and allowed to ash for 3—4 hours. It is then inspected, and if carbon 
particles still persist it is allowed to cool to room temperature and is then retreated 
with nitric acid, evaporated to dryness and re-ashed. Following a successful ashing 
(sometimes overnight treatment is necessary) the dish is allowed to cool to room 
temperature and two 10 c.c. portions of concentrated hydrochloric acid are added, 
evaporating to dryness on the water bath after each addition. Twenty c.c. of 20% 
citric acid are then accurately measured into the hot dish. This solution is brought 
to the boiling point on the electric hot plate and the hot solution is then decanted 
into a graduated cylinder. The volume of this solution is noted in order to 
ascertain the amount of fluid lost from the original 20 c.c. A volume of metal-free 
water slightly in excess of this is added to the dish. This is brought to boiling and 
is then used to dilute the solution in the graduated cylinder back to its original 


Volume 1: Number 5: July-September 1954 


304 Dr. Charles D. Proctor and Dr. Y. T. Oester 


volume of 20 cc. After the solution has cooled to room temperature a 5 cc. 
aliquot of it is transferred to the polarograph cell, one drop of the gelatin solution 
added, nitrogen passed through for 5 minutes to remove air, and the polarograph 
taken at settings appropriate for lead analysis. 


Accuracy of the Analytical Procedures 


Solutions of known lead concentrations in 20% citric acid were prepared in the 
range from 0.49 pvgm. Pb/cc. to 9.95 wgm. Pb/c.c. These solutions correspond 
to the cell solution concentration present at the cell electrodes from 80 c.c. aliquot 
samples of 24-hour urines ranging from 31 pgm. Pb/litre to 621 pgm. Pb/litre 
(Table I, column 1). These values are similar to those of lead concentration in a 
range from the level in a 24-hour normal urine to a high toxic urinary lead level. 
These ranges have been established by Gant.2,3 Five c.c. of each of these samples 
were polarographed (Table I, column 3). An additional 5 c.c. sample was diluted 


TABLE I; Step Heights of Lead Polarograms Before and After Application of the Method 
for Lead in the Urine 


Polarograph Step Height Step Height 
Urine Pb Level Cell Conc. Original Test Difference 
(ugm.|litre) (ugm.|c.c.) Solution (mm.) Solution (mm.) (mm.) 
621-2 9-93 100 99 1 
310-4 4:96 50 50 0 
155-3 2-48 25 255 0:5 
31-0 0-49 5 5 0 


to 80 c.c. with redistilled water and then treated by the procedure for urine outlined 
above. Duplicate polarograms obtained by this process were, in each case, almost 
identical (Table I, columns 3 and 4). The same series of experiments were repeated 
using normal urine precipitated of its lead as the diluent for the 80 c.c. volume. 
Urine treated with nitric acid in order to maintain its lead content uniform was 
used as the diluent in another set of the same type of experiments. The results of 
these tests, as shown by the typical experiment summarized in Table I, establish 
the validity of the method for quantitative work. The traditional method of determin- 
ing the recovery of lead added to a urine of predetermined lead level was also 
carried out. In several cases a check of the results using the dithizone method was 
run simultaneously. These results, listed in Table II, also indicate a positive check 


Tase II: Comparison of Recovery of Lead from Urine by Dithizone and Polarographic 


Techniques 
Original Urine Pb Level After Pb Level Found 
Pb Level Pb Added Addition Polarography Dithizone 
(ugm. | litre) (ugm.jlitre) (ugm. | litre) (ugm.|litre) (ugm. | litre) 
158 100 258 257 259 
37 50 87 88 86 
254 100 354 354 352 
68 100 168 168 168 
128 s 20 148 146 147 


of the quantitative value of the method. Fig. 1 shows the well-formed polarograms 
obtained by photographic recording methods using the Sargent Model XI recording 
polarograph and by the direct writing recorder which is a feature of the Sargent 
Model XXI instrument. The polarograms presented are from among those obtained 
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in the process of the study of 24-hour levels of urine lead. The half-wave potential 
for lead in this system was found to be —0.59 V vs. the Hg pool with a variation of 
+0.05 V. 


Fig. 1. Polarograms obtained in the deter- 
minations for lead in urine. 

A represents the tracing made by the 
direct recording Sargent Model XXI 
polarograph. 

B is a photographic recording made 


with the Sargent Model XI polarograph. Pa 


°o SE (2 


Fig. 2. Apparatus for the study of drug effects on the ionization of 
lead in the plasma. 


Proof of the quantitative validity of this procedure on various organs did not 
present an easy problem. Of the organ materials considered in this part of the 
study, bluod drawn at a given time was the most likely to be uniform in its lead 
distribution. However, because corpuscular distribution is not uniform, even this 
sample is not exactly evenly distributed relative to its lead content. The other 
organs (liver, kidney, brain and bone) are, by virtue of physiological and histologicai 
considerations, not uniform in their lead distribution. It was felt, however, that the 
processes of wet and dry ashing carried on in the procedure would effect a fair 
distribution. To test this probability a quantity of liver was carried through the 
ashing process of the procedure for organs and yielded 2 gm. of ash. Part of this ash 
was then weighed out in 2 portions each calculated to be equivalent to 20.1 gm. of 
the original liver. The procedure for lead analysis of organs as outlined above was 
completed on them. The results obtained (Table II], column 4) demonstrated that 
satisfactory lead distribution was obtained. The remainder of the ash was divided into 
3 identical portions and different amounts of lead were added to each of these 


TaBLe III: Recovery by Polarographic Analysis of Lead added to Ashed Liver 


Ash Taken 
Proportional Pb Level After 
to Weight Pb Level Pb Added Addition Recovery 

Organ (gm.) (mg.) (ugm.) (mg.) of Added Pb 
20-1 0-0180 
20-1 0-0185 
20-1 50 0-0682 100 
20-1 100 0-1195 110 
20-1 15 0-0334 93 
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samples. The procedure for lead analysis of organs as outlined was then carried 
out on them. Table III, which shows one series of results (which is typical of the 
3 such experiments carried out) indicates that a good degree of recovery was possible 
and that the quantitative validity of the procedure is established. Somewhat greater 
variation of the half-wave potential resulted in these determinations than was seen 
in the urine determinations. The half-wave potential of lead in this experiment was 
found to be —0.59 V vs. the Hg pool +0.08 V. This does not, however, bring 
the potential into the area of the potentials of any of the interfering metallic 
contaminants that might be present. 


Applications of the Analytical Procedures 


The applicability of the polarographic methods outlined was tested in 
several ways. The utility of the method in a clinical study of an agent 
designed for the therapy of plumbism has been reported elsewhere.'!! The 
general usefulness of the method to the worker in the large toxicology 
laboratory was tested. This was done by applying it to the determinations 
of previously well established ranges of lead levels in body fluids and organs 
in normal and toxic cases as reported in the work of Gant.?;3' The ranges 
set in urine are as follows: 

Below 80 pgm./litre of lead, normal; 

80 pgm./litre to 150 »gm./litre of lead, abnormal exposure; 

Above 150 pgm./litre of lead, definite toxicity when accompanied by clinical 
symptoms. 
The work carried out by the authors consisted of polarographic determina- 
tion of the lead levels on 25 urines (24-hour samples) from persons with a 
history of no abnormal exposure to lead, on the organs from 10 similar 
persons, on the 24-hour urine samples from 25 persons with a history of 
abnormal exposure to lead and on the organs from 5 similar individuals. 
Classification of normal or abnormal exposure to lead was determined by 
rigid prior investigation of the environmental situation of the persons 
correlated with existing clinical and/or pathological findings. This work, 
which is outlined in Tables IV, V, VI and VII, was essentially a confirmation 


TABLE IV: Lead Levels as Determined by Polarography of Tissues from Individuals not 
Abnormally Exposed to Lead 


Case Pb Level (mg. per 100 gm.) 
Number Occupation Cause of Death Liver Kidney Bone 
1. Salesman Barbiturate 0-201 0-090 0-900 
poisoning 
2; Housewife Barbiturate 0-221 0-050 0-800 
poisoning 
Ke Truck driver Myocarditis 0-201 0-055 1-322 
4, Housewife Carcinoma 0-278 0-107 1-311 
5; Unemployed Pneumonia 0-031 0-102 1-070 
6. Dishwasher Pneumonia 0-093 0-021 0-934 
if Unemployed Tuberculosis 0-073 0-052 0-873 
8. Labourer Tubexculosis 0-092 0-078 0-902 
9. Labourer Skull fracture 0-075 0-063 0-820 
10. Labourer Skull fracture 0-121 0-078 1-002 
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tried TaBLeE V: Lead Levels as Determined by Polarography from Tissues of Individuals 
t the Abnormally Exposed to Lead 
sible Case Pb Level (mg. per 100 gm.) 
eater Number Occupation Cause of Death Liver Kidney Bone 
seen 
was 1. Smelting furnace Tuberculosis 1-390 0-821 7-885 
ring tender 
: 2 Smelting furnace Myocarditis 0-734 0-921 5-380 
allic tender 
3, Spray painter Pernicious anaemia 2:450 1-728 9-381 
crisis 
4 Lead refinery Pneumonia 0-741 1-920 2-451 
labourer 
; 5. Lead refinery Carcinoma 0-812 0-523 2-834 
. in labourer 
yent 
The TasLe VI: Lead Levels as Determined by Polarography of Urine Samples from Individuals E 
not Abnormally Exposed to Lead 
ogy 
ions Case Pb Level 
Number Occupation (ugm.| litre) 
Jans 
ges t. Housewife 17 
2. = 28 
Bf = 52 
4. Chemist 31 
Ss a 49 
. 6. o 59 
ical 7 : 62 
8. Postal Clerk 35 
; 9. » oe 39 
el 10. a 72 
ha 11. Physician 37 
: 12, ii 49 
ilar 13, : 38 
r of 14. , 32 
15. _ 58 
als 16. 21 
by T. Nurse 63 
18. ea 63 
_ bed Secretary 41 
ork, 20 * 48 
‘ 21. a 59 
es 22. College student 31 
dain 23. * » 34 
” 24. . 42 
— 25. ss < 58 
, of the results arrived at by Gant?:3 who used the dithizone technique for 
) analysis. 
: Several important features of the application of the polarographic method 
of analysis for lead in biological materials were noted in the prosecution of 
1 } the problems which have been outlined. The time necessary for carrying 
) out the polarographic process was considerably shorter than was the time 
taken when the dithizone method was used. This was especially true in the 
, case of urine determinations, where the advantage of increased number of 
) simultaneous determinations and decreased over-all time expended were 
eo quite evident. One of the authors has been able to determine as many as 
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Taste VII: Lead Levels as Determined by Polarography of Urine Samples from Individuals 
; Abnormally Exposed to Lead 


Case Pb Level 
Number Occupation (ugm.|litre) 
a. Smelting furnace 500 
tender 
2 Painter 526 
3 Smelting works 464 
labourer 
4. Brass grinder 158 
3) Housewife 158 
6. Spray painter 163 
yi Ceramic decorator 128 
8 Foundry furnace 201 
tender 
a: Foundry furnace 210 
tender 
10. Spray painter 320 
11. Spray painter 345 
12. Spray painter 152 
io, Solderer 129 
14. Solderer 138 
bok Solderer 335 
16. Battery plant labourer 232 
jue Battery plant labourer 257 
18. Cable company 201 
labourer 
19. Child, 3 years of age, 259 
ate paint 
20. Paste mixer, lead 302 
company 
21. Paste mixer, lead 215 
company 
22. Painter 159 
2. Painter 217 
24. Painter 301 
25. Painter 258 


20 urine analyses for lead by the polarographic method in 2 working days. 
As many as 10 simultaneously run organ analyses have been run within the 
same length of time. The limitations encountered are more inherent within 
the physical handicaps of lack of muffle furnace and centrifuge space than 
in the method itself. The time-consuming extraction processes which 
accompany the techniques of the dithizone method have been completely 
eliminated by the use of polarography. 


Application of Polarography to Theoretical Considerations 
of Plumbism Therapy 


The theoretical and practical consideration that the polarographic method 
depends on a virtually complete state of concentration polarization of the 
ions being determined at the dropping electrode, makes it uniquely adaptable 
to the study of any effects upon the degree of ionization of such ions. In 
view of the fact that the greatest portion of the toxic manifestations of lead 
poisoning are attributable to the ionized form of the element it was felt 
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that im vitro study of the effects of various agents proposed for the therapy 
of plumbism upon the ionization of lead would be of value. 

In 1936 Tiesinger presented a polarographic method for determination of 
lead in blood.6 This method was in reality a determination of plasma lead 
performed directly on the blood. The claim made by this worker that the 
organic substances found in the blood plasma would not interfere with the 
lead determination could not be confirmed by the authors. The direct 
polarographic determination of the extent of ionization of lead in the 
presence of various organic compounds found in the blood plasma was 
impossible under the conditions at hand. 

This obstacle was surmounted by the use of a system based upon the 
principles of the Donnan membrane equilibrium effect. It was reasoned that 
if leaded plasma were placed in a vessel separated from physiological saline 
by a semi-permeable membrane, a portion of the lead ions would gradually 
move across the membrane into the saline in obedience to the laws of diffusion 
and the criteria of the Donnan membrane equilibrium thus established. A 
plasma system could be pre-treated with a given agent proposed for 
plumbism therapy and equilibrium between the lead and the active agent 
allowed to establish itself. Then the sample could be submitted to a Donnan 
equilibrium study. Lead determinations subsequently carried out on the 
saline solution after the Donnan equilibrium had been achieved would give 
an indication of the influence of the therapeutic agent on the extent of lead 
ionization in the plasma. 

It was decided that the study thus outlined should include the testing of 
ammonium chloride, potassium iodide, dimercaprol (BAL), calcium chloride 
and disodium hydrogen phosphate. The use of all of these agents has been 
suggested by others as methods of therapy in plumbism.?: 3: !2-!5 

The apparatus used in this section of the study has been illustrated in 
Fig. 2. It consists of an inner 15 x 135 mm. open pyrex tube (A), the 
bottom of which is covered with a parlodion membrane (B), and an outer 
25 x 135 mm. pyrex tube (C) which is sealed at the bottom. The inner 
tube is designed to hold the leaded serum along with control physiological 
saline or the agents under trial dissolved in physiological saline where 
possible. Separate sets of the apparatus were used for the study of each 
agent and the controls, and the entire procedure was carried out in a 
constant temperature water bath set at 37° C. A common stock solution of 
physiological saline, also kept in the constant temperature bath for one 
hour before use, was used for preparation of all but one of the drug 
solutions and for control saline additions to the inner tubes. All of the 
drug agents to be tested were made up into solutions so fixed that 0.1 c.c. 
contained 500 pgm. of the agent. The BAL was available as a 10% 
solution of the drug in a vehicle consisting of 20% benzyl benzoate and 
80% peanut oil. Dilution of this solution was effected using a diluent 
consisting of the same proportions of the pure vehicle agents. Dilution was 
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so fixed that this drug was also at a concentration making 0.1 c.c. of the 
solution equivalent to 500 pgm. of the active principle. (A special control 
was run using the BAL vehicle agents.) 

In a typical experiment, 7 inner tubes for the apparatus were prepared 
by simultaneously dipping the tubes into a common 5% solution of 
parlodion in ether for 10 seconds, removing the tubes and allowing the 
ether to evaporate leaving semi-permeable membranes. 4.8 c.c. portions of 
unoxalated normal human plasma from a common human source were 
placed into each of the inner tubes; 0.1 c.c. of a lead nitrate solution in 
physiological saline containing 100 ugm. of lead in the volume of the 
solution taken was then added to each tube; 0.1 c.c. of each of the drug 
solutions, 0.1 c.c. of the peanut oil-benzyl benzoate vehicle and 0.1 c.c. of 
physiological saline were then added respectively to individual inner tubes 
containing the leaded plasma. The preparations were allowed to stand 
within the empty outer tubes for one full hour, following which 5 c.c. of 
physiological saline were pipetted into each outer tube. After another 
hour the inner tubes were removed and the volumes of the solutions in the 
outer tubes measured in graduated pipettes. If necessary all solutions were 
adjusted to equal volumes with physiological saline. (In the course of the 
3 sets of experiments so run this was only necessary once and the adjustment 


BAL  NH4Cl KI CaClo 


27.5 mm 25mm 


ft. 


SALINE 25 
CONTROL i 


BAL 
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~~ @ 


Fig. 3. Polarograms on the dialysates from leaded plasma under the influence 
ot various drugs. The constant half-wave potential obtained (—0.59 V vs. Hg 
pool) indicates that the diffusion current given in each case is a quantitative 
measure of the concentration of ionized lead in the dialysate. 
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at this time amounted to 0.4 c.c.) An equal volume of 20% citric acid was 
then added to each outer tube solution, and their polarograms taken. 

Fig. 3 shows representative polarograms which were obtained from these 
experiments. Several facts seem to be evident from the results shown. 
There was essentially little difference between the effects of the calcium 
chloride, the benzyl benzoate-peanut oil vehicle (used for the BAL as 
solvents) and the physiological saline control on the ionization of the lead. 
Actual slight increases in the extent of over-all lead ionization seemed to 
have been obtained in the case of ammonium chloride, potassium iodide and 
BAL. The latter polarogram exhibited a pronounced maximum indicative of 
the creation of an actual capillary active streaming potential. The present 
status of the theory of polarographic maxima is reflected in two schools of 
thought '*!8 and is by no means a settled issue. This prevents positive 
interpretation of the effect of BAL on the maximum component of the 
lead curve obtained under its influence. However, the limiting current, 
considered exclusive of the maximum, actually shows that BAL does not 
suppress lead ionization and actually increases the ionization of that substance 
in the plasma. This also seems to hold true for the results presented by 
the use of ammonium chloride and potassium iodide. It may be possible 
that mobilization of lead by these agents in a form that is ionized in the 
blood plasma is the factor responsible for the acute toxic exacerbations seen 
by many workers when these agents are used in the therapy of plumbism.!?"'5 
Examination of the polarogram from the disodium hydrogen phosphate-lead- 
plasma system shows that its limiting current was obtained at a 2 mm. value 
for the step height. This indicates that lead was dialyzed in this experiment 
and also that a direct depression on the ionization of the lead in the plasma 
was brought about by the phosphate. This result was interpreted as being 
in vitro evidence of the probable correctness of a portion of the theory 
relative to disodium hydrogen phosphate detoxification of lead as postulated 
by Shelling '? and Gant.?;3 It was felt that if the results obtained im vitro 
also obtained im vivo the phosphate salt would be a valuable detoxification 
agent for lead and if the lead so mobilized and detoxified were easily 
excretable the agent would be valuable therapeutically. The work of 
Shelling !9 gave evidence that disodium hydrogen phosphate effected mobili- 
zation of lead from its depot sites, that it converted the lead so mobilized 
into a non-toxic form and that excretion of lead in this form did occur 
without renal embarrassment in the rat. Gant’s work?»? on 3 patients 
inferred that this result was transferable to the human. 

The results obtained from the im vitro polarographic study, along with 
consideration of these reports by the previous workers cited 2:3 !9 prompted 
a study of the clinical value of disodium hydrogen phosphate by Proctor and 
Kahn.!!_ The results which they obtained seem to demonstrate adequately 
that sodium dibasic phosphate is non-toxic when used in the therapy of 
plumbism, that it markedly increases the excretion of lead in the urine 
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(Fig. 4), and that during this de-leading process no symptoms were pro- 
duced. No evidence of renal embarrassment was present in either the 
patients which they treated or in the control persons included in their study. 
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Fig. 4._ The effect of disodium hydrogen phosphate on the excretion of lead 
in the 24-hour urine. (Polarographic determinations.) 

A and B. gage og samples (Sample B taken 3 days after sample A). 

C. Sample taken the first day of administration of disodium hydrogen 
- “om at a dose level of 15 grains ¢.t.d. 

D. Sample taken the second day of disodium hydrogen phosphate adminis- 

tration (dose level as in C). 

E. Therapy as outlined in C and D continued 3 additional days and a 
sample determined on the fifth day following cessation of therapy. 

F. Determination made on the second day of a second 5-day period of 
therapy begun immediately after the 5-day rest period in E (Therapeutic 
regimen as in C and D). 


G. Determination made 5 days after cessation of the second 5-day period 
of therapy. 


Summary and Conclusions 


1. A method for the polarographic determination of lead in biological 
materials has been presented and evaluated both on the basis of its quantita- 
tive validity and on the basis of its usefulness to the analytical toxicologist 
in screening procedures. 

2. The polarographic method for the determination of lead in biological 
material is comparable in accuracy to the dithizone method of analysis and 
is accomplished with a shorter expenditure of time. 

3. Polarographic im vitro studies of the effect of agents used in the 
chemotherapy of chronic plumbism on the extent of lead ionization in the 
plasma have shown that BAL, potassium iodide and ammonium chloride 
increase the extent of lead ionization in the plasma, that calcium chloride 
causes little if any change in the degree of lead ionization in the plasma, 
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while disodium hydrogen phosphate causes a marked depression of lead 
ionization in the plasma. These results furnish insight into the possible 
mechanism by which disodium hydrogen phosphate effects detoxification of 
lead im vivo and lend support to the theories concerning this mechanism 
which have been advanced before. 

4. The lead levels found by polarographic analysis on the 24-hour urine 
samples from persons with normal and abnormal exposure to lead in the 
Chicago, Illinois, area are in agreement with the ranges established by the 
work of Gant who used the dithizone technique of analysis for a similar 
study.?: 3 This study demonstrates that the polarographic method of analysis 
for lead adequately covers the concentration range which is likely to be 
encountered in industrial toxicological surveys for lead. 
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Alcohol Production in the Dead Body 


Further Investigations* 


Harald Gormsen, M.D. 


University Institute of Forensic Medicine, Copenhagen, Denmark + 


Last year at the Meeting of the British Association of Forensic Pathologists 
in London I presented a brief paper on the sources of error in alcohol 
analysis of post-mortem blood. It was published in this Journal, Vol. 1, 
No. 3, p. 170. 

I mentioned that putrefaction may give rise to a false alcohol reaction 
if one of the reduction methods, e.g. the ordinary Widmark method, is used, 
because putrefaction products may have a reducing action. However, this 
source of error can be eliminated if one of the specific alcohol analysis 
methods is used, e.g. the Zeisel method or the enzymatic ADH (alcohol 
dehydrogenase) method. 

Further, I mentioned—on the basis of observations in a single case—the 
much more serious source of error, viz. the post-mortem production of 
alcohol in the body probably mainly due to glucose fermentation by means 
of fungi (Candida albicans, i«. thrush fungi and Saccharomyces, i.e. yeast 
cells), verified by im vitro examinations in glucose broth of the fungi 
isolated from the body. 

Since then we have at the University Institute of Forensic Medicine in 
Copenhagen in collaboration with the Forensic Toxicological Department 
of the University Institute of Pharmacology and one of the Bacteriological 
Departments of the State Serum Institute further examined this very 
important question by carrying out the following examinations simul- 
taneously : 

1. The Widmark method on blood and urine; 

2. One or both of the specific alcohol analysis methods mentioned on both 
blood and urine as well as on several organs, e.g. kidney, muscle, etc.; 

3. Bacteriological examinations of the blood; and 

4. In vitro investigations of the alcohol-producing ability of the micro- 
organisms isolated from the blood. 

From these investigations we know now definitely that besides thrush 
fungi and yeast cells, several bacterial strains, which may spread during 
the putrefaction process in the body, e.g. some strains of Escherichia coli 


and some Klebsiella strains, may be able to produce alcohol in the body— 


and probably several other strains of bacteria have the same ability. 


* Presented at the meeting of the British Association of Forensic Pathologists in | 


London on 28 November 1953. 
+ Chief: Professor Knud Sand, M.D. 
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In several cases the amount of alcohol found was considerably higher than 
would have been expected if it was assumed that the alcohol production 
was due to glucose fermentation only. The origin of the alcohol in the 
body is therefore rather obscure. 

Further we know from other examinations carried out by our chemist, 
Dr. F. Lundquist, that the fluoride preparation of the specific tubes used 
for the Widmark method in alcohol analysis of blood from living persons 
is absolutely effective as an inhibitor of bacterial growth in the blood; so 
one can trust the Widmark results in blood samples from living persons. 

The fact that alcohol may be produced by micro-organisms in blood and 
organs, but hardly in the urine (except probably in diabetics) of the dead 
body is, of course, of very great importance in a great many cases from a 
practical medico-legal and economic point of view, e.g. in cases of traffic and 
industrial accidents and in many other cases. 

We have had a case of an air crash in which the pilot was suspected of 
being under the influence of alcohol. His blood gave an alcohol reaction, 
but the blood was putrefied and no urine was available. The presence of 
alcohol-producing bacteria in the blood was verified and therefore the 
declaration implied that there was no evidence that the pilot had been 
intoxicated. 

As an example of economic consequences of the result of the post-mortem 
blood analysis it can be mentioned that according to the Danish Workmen's 
Compensation Act the influence of alcohol may result in no compensation 
being paid to the widow in cases of fatal industrial accidents. Therefore it is 
extremely important that one should be able to trust the analytical results 
in such cases. 

Even still more serious consequences may be the result of false positive 
alcohol reactions. In a case of a 3-month-old dead infant an alcohol con- 
centration of about 0.2% was verified, but the blood contained alcohol- 
producing micro-organisms. It is probable that two years ago the mother 
would probably have been accused of infanticide—by means of alcohol. 

The experiences mentioned show that it is absolutely necessary that blood 
and urine samples for alcohol analysis be taken as early as possible from the 
dead body and that spectfic analytical methods be used if the samples are not 
absolutely fresh. 

Should putrefaction have set in and alcohol is found in the blood and 
the organs, but mot in the urine, the alcohol reaction in the blood is 
probably false, due to putrefaction. 

If urine is not available and putrefaction has commenced and alcohol 
is found by means of a specific method in the blood and the organs, it is 
necessary—especially if the distribution of alcohol in blood and organs is 
uneven—to carry out further bacteriological examinations of the blood as 
well as im vitro examinations of the ability of the isolated micro-organisms 
to produce alcohol. This is necessary if errors are to be avoided. 
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MEDICO-LEGAL NOTES AND NEWS 


Anaesthetist’s Liability* 


Negligence (Injection of Spinal Anaesthetic) — Res Ipsa Loquitur — Master and 
Servant 
(English Law) 


In 1947 both plaintiffs underwent comparatively minor operations, in the course 
of which a special anaesthetic (Nupercaine) was injected by means of a lumbar 
puncture by the second defendant, a specialist anaesthetist, assisted by the theatre 
staff of the hospital. The Nupercaine had been contained in sealed glass ampoules 
which had been stored in a solution of phenol (carbolic acid). As the result of 
the injection both plaintiffs developed in the course of time a condition of spastic 
paraplegia, permanently paralysing them from the waist downwards. They sought, 
in two consolidated actions, to recover damages from the Minister of Health as 
successor in title to the trustees of the hospital and from the anaesthetist. 

The plaintiffs contended : 

1. That both defendants were liable by reason of the doctrine of res ipsa loquitur 
inasmuch as the disastrous result in fact experienced did not ordinarily follow upon 
a spinal anaesthetic properly administered. 

2. That, alternatively, as against the Minister, on the basis that the anaesthetist was 
in law the servant or agent of the hospital, the injuries were caused by the negligent 
injection of the contents of a glass ampoule of Nupercaine contaminated by phenol 
or, on the basis that the anaesthetist was not in law the servant or agent of the 
hospital, the contamination occurred through the negligent mishandling of the 
ampoules by the theatre staff and, further, the failure to detect the contamination 
was due to the failure to employ an effective system of differential colouring in the 
phenol solution in which the ampoules were. 

3. That, further, as against the anaesthetist, he negligently injected the contents of 
an ampoule of Nupercaine contaminated by phenol, failed to make any proper 
examination for cracks in the ampoules and failed to adopt and maintain an effective 
system of differential colouring in the phenol solution in which the ampoules were 
stored. 

The defendants denied negligence and contended in the affirmative that the 
injuries were in fact caused by the Nupercaine itself, administered without negligence, 
the Nupercaine being supplied in sealed glass ampoules by the manufacturers X. 

The latter were accordingly joined as third defendants and took part in the trial 
for, some days, but were finally dismissed upon the admission by the plaintiffs and 
the first two defendants that no legal liability was in the result then alleged against 


them. 


* By a Member of the Cape Bar, Cape Town, South Africa. 
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McNair, J., who delivered the judgment, dismissed the actions against the hospital 
and the anaesthetist. 

The learned Judge, at the outset, emphasized that no charge of negligence was 
made, based upon the adoption of the in 1947 well-known method of injecting 
Nupercaine into the patient’s theca by means of a lumbar puncture between the 
lumbar vertebrae. 

Regarding the first contention of the plaintiffs, namely the application of the 
doctrine res ipsa loquitur, the Court held, following the decisions in Gold v. Essex 
County Council, 1942 2 K.B. 293, and Cassidy v. Minister of Health, 1951 2 K.B. 
343, that—while so far as the theatre staff were concerned the hospital assumed 
towards their patients the vicarious responsibility of a master for his servants—so 
far as the anaesthetist was concerned the hospital’s obligation was limited to providing 
a competent anaesthetist, which obligation the hospital fulfilled, and that the hospital 
was not liable in law for his acts of negligence, if any. The position of the 
anaesthetist, who was a qualified anaesthetist and practised as such since October 
1946 was, in the opinion of the Court, comparable to that of a visiting surgeon 
ot physician for whose acts the hospital did not assume responsibility in law. The 
Court, then, rejected the view that the maxim ‘res ipsa loquitur’ where the thing 
of operation was under the control of two persons not in law responsible for each 
other could apply to either of such persons since the res, if it spoke of negligence, 
did not speak of negligence against either individually (see Lord Murray’s speech in 
Carruthers V. MacGregor, 1927 S.C. 816 at 823). The Court was, on the evidence, 
also satisfied that, though the anaesthetist was responsible for the choice of the 
anaesthetic, for the giving of directions as to its preparation and for general 
supervision of the activities of the theatre staff, he could not properly be regarded 
as responsible for their casual acts of negligence. 

As, therefore, the doctrine of res ipsa loguitur did not apply, the plaintiffs had the 
ordinary onus of proving negligence against the hospital or the anaesthetist. On the 
evidence the Court found that the injuries which were in fact caused by the 
injection of Nupercaine contaminated with phenol—which could have occurred 
by percolation through ‘ invisible cracks’ or molecular flaws in the glass ampoules 
containing the Nupercaine—were not so introduced by reason of the negligence of 
the anaesthetist or the hospital staff. As the attention of the profession to such 
risk was first drawn in England in 1951, and the anaesthetist certainly did not 
appreciate it in 1947, he was, according to the Court, by the standard of knowledge 
to be imputed to anaesthetists in 1947, not negligent in failing to appreciate this 
tisk, and a fortiori the theatre staff were not negligent. In the view of the Court, 
there was also no evidence that the amount of phenol which percolated into the 
ampoules in fact used could not have percolated in through ‘ invisible cracks’. The 
Court was of the opinion, further, that the anaesthetist could not be blamed for the 
inadequacy of the colouring agent used in the phenol solution as there was no proof 
that a prudent anaesthetist in 1947 who did not realize the risk of percolation 
through invisible cracks should have used a deeper colour tint than that in fact 
used. The Court was referred to two American publications of 1946 dealing with 
the importance of using a colouring agent when sterilizing ampoules by immersion 
in disinfectant, namely (1) Pitkin’s Conductive Anaesthesia (1946 ed.) and (2) an 
atticle by Drs. Nicholson and Eversole in the Journal of the American Medical 
Association dated November 1946, but the Court held that neither of these publica- 
tions would be within the range of the ordinary anaesthetist in England. The 
anaesthetist, believing in common with other competent anaesthetists in 1947 that 
there was no danger of percolation except through cracks which would be visible 
under a proper theatre examination, did not rely upon colour except as an 
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additional precaution in the case of ampoules visibly cracked for which he could 
not, in the view of the Court, on the standard of a reasonably competent anaesthetist 
in 1947, be blamed. 


{Roe Vv. Minister of Health and Others; Woolley v. Same, Weekly Law Reports, 
1954 (1) 128 (Queen’s Bench Division).} 
* * * * 


On 3 April 1954 Prof. Aldo Franchini, new Head of the Department of Legal 
Medicine at the University of Padua, delivered his inaugural address, entitled ‘Signifi- 
cance of Modern Legal Medicine’. 


Dr. Lowell S. Selling of Orlando, Florida, United States of America, has been voted 
~ next Chairman of the Psychiatric Section of the American Academy of Forensic 
ciences. 


The next meeting of the American Academy of Forensic Sciences will be held at 
Los Angeles, from 17 to 19 February 1955. 


REVIEWS OF BOOKS 


Wiener’s Rh-Hr Syllabus 


An Rh-Hr Syllabus: The Types and 

Their Applications. By Alexander S. 

Wiener, M.D., F.A.C.P., F.C.A.P. (Pp. 

82 + xii. $3.75). New York: Grune 

and Stratton, Inc. 1954. 

Contents: 1, Fundamentals. 2. Rh Antibodies. 3, Sero- 
ogy and Genetics of the Rh-Hr Types. 4. Erythroblas- 
tosis Fetalis. 5. Blood Transfusion, 6. Autosensitization. 
7. Anthropologic Aspects. 8. Medicolegal Applications. 
The author very reasonably bases himself 
on the contention that in the Rh blood 
group field the C-D-E nomenclature is 
‘even more inadequate for the Rh-Hr types 
than the numbers 1-2-3-4 were for the 
A-B-O groups’. He therefore discards the 
oo terminology popularized and 
advocated in the United Kingdom and 
applies exclusively the international Rh-Hr 
notation. 

Dr. Wiener has undoubtedly succeeded 
in presenting a simplified account of the 
subject in so far as this is consistent with 
accuracy. His monograph makes it clear, 
in fact, that blood group studies are 
intricate rather than difficult. But it is 
equally obvious that the day of the 
dilettante is over. The reader who is 
—— to give the necessary attention 
will find his assiduity rewarded by a clear 
grasp of the blood group jig-saw puzzle. 
There is considerable mental satisfaction in 
seeing the apparently disconnected facts 
fall into coherent line. 

This authoritative account combines 
lucidity with brevity. Forensic readers will 
find the concluding chapter the most 
useful, whether or not they have mastered 
the inheritance theory set out in earlier 
sections of the work. 

The last chapter is confined to the medico- 
legal applications and contains a compre- 
hensive table setting out the interpretation 
of the results when blood group data are 


available from the putative father, the 
mother and the children. This table makes 
it possible for even the uninstructed reader 
to find his way about a forensic problem 
involving the accuracy of parenthood 
claims. 

Dr. Wienet’s monograph also draws 
attention to the use of blood groups in 
excluding maternity. It is interesting to 
note that the U.S. Immigration Depatt- 
ment makes routine use of blood tests in 
cases such as Korean War Chinese refugees 
claiming admission on the grounds that 
their parents are American citizens. 

This volume is issued in the Modern 
Medical Monographs series. It is a remarkable 
condensation of the striking advances in 
the Rh blood group field since 1937 and 
will undoubtedly provide an invaluable 
reference source. 


Applications of Rh-Hr Blood Types 


Rh-Hr Blood Types: Applications in 
Clinical and Legal Medicine and Anthropo- 
logy. By Alexander S. Wiener, M.D., 
F.A.C.P. Pp. 763+ xii. $11.50.) 
Grune and Stratton, Inc., New York, 
1954. 


j 2. Fund: tal 


Contents: 1. Historical Back 


eee 


ee 


Observations. 3, Pathogenesis of Erythroblastosis Fetalis. © 


4. Rh Antibodies: Technic. 5. Rh-Hr Types and their 
Heredity. 6. Nomenclature of the Rh-Hr Types. 7. Anth- 
ropologic Aspects. 8. Erythroblastosis Fetalis and 
Exchange Transfusion. 9, The M-N-S Blood Types. 
10. Medicolegal Applications. 11. A-B-O Incompatibality 


in Pregnancy. 12. Autoantibodies and Disease. 13. Blood 
Transfusion. 14. Fundamental Principles. 15. ‘Technic 
of Tests. 16. General. 


This 
Wiener’s writings is supplementary to the 
third edition of his book Blood Groups and 
Transfusion published in 1943. 

It has the disadvantage that must 
necessarily attach to a collected volume 
of reprints, but as the volume is intended 
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for the expert in this field, it becomes a 
minor blemish. The author has met the 
situation by very careful selection from 
his prolific writings, as well as the intro- 
duction of explanatory comment at approp- 
riate points. 

Just over 50 pages are devoted specifically 
to the medico-legal aspects of blood 
grouping. This section not only contains 
an invaluable presentation of what must 
be the largest published series of cases of 
disputed parentage involving blood groups, 
but also a definitive account of the present 
status of the subject. The latter covers a 
useful list of court decisions. 

As the title of this collection indicates, 
the volume is a sine qua non for the reference 
shelf of the clinician and the anthropologist 
as well as forensic expert. 


Forensic Pharmacy 


A Textbook of Forensic Pharmacy. By 
Thomas Dewar, Ph.D., B.Pharm., 
B.Sc. (Lond.), Ph.C. (Pp. 287 + xvi. 
Third edition. 18s.) London: Edward 
Arnold (Publishers) Ltd., 1954. 


Contints: 1, Pharmaceutical Society of Great Britain. 
2. Statutory Committee of Society. 3. Titles and Des- 
criptions. 4. Poisons and Sellers of Poisons. 5. Sale and 
Supply of Poisons. 6. Labelling of Poisons. 7. Medicines 
which are Poisons. 8. Poisons in Hospitals. 9. Poisons: 
Manufacture, Storage, Transport, Enforcement. 10. 
Dang Drugs Generally. 11. Medicinal Dang, 
Drugs. 12. Methylmorphine, Ethylmorphine and Their 
Respective Salts. 13. Crude -<~ Drugs. 14. 
Dangerous Drugs in Hospitals. 15. Prepared Opium: 
Enforcement. 16. National Health Service. 17. Advertis- 
ing and Sale of Medicines. 18. Cancer Act. 19. Radio- 
active Substances Act. 20. Venercal Disease Act. 21. 
Therapeutic Sub Act. 22. Abortifacients. 
23. Spirits, Wines and Sweets. 24. Methylated Spirits. 
25. Food and Drugs Act. 26. Shops Act. 27. Protection 
of Animals Acts. Appendices. 


Dr. Dewar’s text is of interest to students 
of the comparative aspects of forensic 
pharmacy but its more immediate appeal 
will be to those practising or onayien 
pharmacy in the United Kingdom. 

As the Table of Contents indicates, the 
coverage of the field is very comprehensive 
and more than meets the student’s examina- 
tion requirements. 

This third edition (which testifies to the 
popularity of the work) includes very 
considerable changes demanded by statutory 
enactments. The changes effected by the 
Pharmacy Act 1953 have been taken in as 
well. The up-to-date nature of the revision 
is also indicated by the absorption into 
the text of the changes consequential on 
the publication of the British Pharma- 
copoeia, 1953. 

Of general interest is the author’s 
summary of the “Jenkin” judgment, which 
excludes from the activities of the Phar- 
maceutical Society anything which would 
result in its conversion into a trade union 
as defined. 
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Forensic Medicine 


Forensic Medicine: A Text-Book for 
Students and a Guide for the Practitioner. 
By Douglas J. A. Kerr, M.D., D.P.H., 
F.R.C.P. (Edin.), F.R.S. (Edin.). (Pp. 
361 + xii, with four colour plates, 
59 photographs and 30 figures in the 
text. Fifth edition, 28s.) London: 
Adam and Charles Black, 1954. 


Contents: 1. Introduction, 2. Legal Procedure in Case 
of Death. 3. Identification. 4. Changes After Death. 
5. Death and Sudden Death. 6. Wounds and Wounding. 
7. Examination of Blood and Hairs. 8. Accident, Suici 
and Murder. 9. Injuries to the Head. 10. Injuries to 
Different Parts of the Body. 11. Burning, Lightning, and 
Electric Shock. 12, Gunshot Wounds and Identification 
< oe ae - Cold, “eo and —— 

. Asphyxia. . Pregnancy, Delivery, Abortion. 
16. Infanticide. 17. Sexual Offences. 18. Insanity and 
Insane States. 19. Criminal Responsibility and Treatment. 
of Offenders. 20. Legal Aspects of Insanity. 21. Toxico, 
logy. 22. Mineral Acids and Alkalis. 23. ic Acids} 
24. Metallic Irritants. 25. Irritants (continued). 26. Anima 
and Food Poisoning. 27. Vegetable Poisons. 28. rifics 
and Antipyretics. 29. Irrespirable Gases. 30. Miscel- 
laneous Poisons. 31. Civil Actions. 32. The Historical 
Development of Forensic Medicine. Appendix. Index. 


This manual emphasizes the practical 
aspects of the subject. It is the author’s 
expectation that with its help the average 
student or practitioner will be able to cope 
with the usual problems likely to be met 
with in his experience. 

The book undoubtedly contains a wealth 
of useful data which provide the necessary 
basic instruction. It also gives the pro- 
fessional reader an insight into his ethical 
as well as his more formal responsibilities 
and should therefore serve its purpose well, 
especially in the United Kingdom. 

In the Preface to his first edition Professor 
Kerr states: ‘. . . certain advice may appear 
rather dogmatic, but a practitioner in 
doubt about a pole are roblem 
wishes to have a clear-cut line of action; 
this I have endeavoured to give him.’ 

This attitude is not likely to find general 
support today. It is not important (except 
for his own self-esteem) that a medical 
witness should convey an _ unjustified 
impression of papal infallibility; and ex 
cathedra statements, unsupported by objec- 
tive evidence which can withstand the very 
substantial test of cross-examination, are 
unlikely to assist either the course of 
justice or the reputation of the expert 
witness concerned. Indeed, if a professional 
witness has a doubt, that doubt should be 
communicated to the Court. 

Nevertheless, despite his defence of 
dogmatism, Professor Kerr has himself 
kept an admirably open mind on man 
important gonstienl tebane. Status lymphati- 
cus, eg., is a condition which most 
forensic pathologists believe to be asso- 
ciated with sudden death from apparently 
trivial causes. Yet many academic patholo- 
gists deny the very existence of such an 
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entity. It is today likely that such an 
intransigent attitude will be modified by 
the research on the adrenal glands initiated 
by Selye, who has reported on the medico- 
legal implications of his work in this 
Journal (1954, Vol. 1, No. 4, p. 231). 
Admirable also is the caution which 
Professor Kerr advises in assessing super- 
ficial graze marks observed for the first 
time post mortem: ‘In any case where the 
cuticle has been injured, whether before 
or after death, the tissues underneath will 
undergo a post-mortem drying and become 
brown or brownish yellow and of a hard 
and parchment-like consistence. This is an 
important point to realise as frequently 
such injuries are not apparent before 
death but become very prominent later 
owing to this post-mortem change. In 
little children suffering from summer 
diarrhoea it is very difficult to keep the 
buttocks perfectly dry, and though the 
moisture causes no possible sign during 
life, the cuticle has become sodden, and 
after death an appearance of extensive 
excoriation of the parts is produced. 
Unless the cause for this appearance is 
realised, a medical man may be misled into 
giving an opinion that the child presents 
evidence of gross neglect during life. In 
one case where the deceased had been 
suffering from general paralysis of the 
insane and had been confined to bed in a 
mental hospital, the slight bed sores which 
he had acquired produced such an alarming 
appearance owing to this post-mortem 
drying that the relatives held up the 
funeral and made allegations of gross 
neglect against the hospital authorities’. 


Professor Kerr’s views on asphyxia are 
also far from dogmatic. He makes it 
quite clear that the post-mortem findings 
in this essentially clinical entity are entirely 
non-specific m4 have little value for the 
forensic pathologist when taken by them- 
selves alone. In this connexion the sound 
appraisal of the problem by Gordon 
deserves careful study. Gordon’s views, 
which are gaining increasing acceptance, 
make it clear that asphyxia is not a patho- 
logical entity recognizable at autopsy. 
The position was reviewed in this Journal 
recently (1953, Vol. 1, No. 2, p. 65). 

There are some other ints which 
deserve mention because they overlook 
certain important practical implications. 

The rule of thumb given for estimating 
the early post-mortem interval from the 
ratio of cooling of a dead body does not 
cover sufficiently accurately the first few 
hours after death (this Journal, 1954, 
Vol. 1, No. 3, p. 157). 

The routine oe ll test described for 
alleged human blood stains does not 
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establish the identity of the stain beyond 
the ‘primate’ level. This may be unim- 
portant in the United Kingdom, but may 
well be crucial in such countries as South 
Africa, South America, India, etc. 

In determining age, it is important to 
appreciate the difference made by the sex 
of the subject. In the newly born the 
ossification centre in girls at the lower 
end of the thigh bone may be four weeks 
in advance of that of boys. ‘This sex 
difference is to be observed throughout 
the growing period in most bones of the 
skeleton and should be borne in mind in 
making assessments of age. (See this 
Journal, 1954, Vol. 1, No. 3, p. 152.) 

In discussing the chemical diagnosis of 
drunkenness from an analysis of the 
alcohol content of the blood, the author 
states: ‘It may be assumed that with 0.2 per 
cent in the blood, a person will show 
distinct symptoms, that with between 
0.2 and 0.4 per cent he is probably drunk, 
and with higher concentrations he will 
certainly be drunk: but before such high 
concentrations are reached the clinical 
signs will make the condition very obvious’ 
(p. 326). 

To rely on the blood level of alcohol is 
entirely idlecions and arbitrary. 

The blood concentration is only one 
link in the chain of evidence which the 
court must consider and it is virtually 
impossible to make a justifiable inference 
from the blood chemistry alone. Rabino- 
witch (Canad. Bar Rev., 1953, 31, 1069) has 
seen intoxication with as little as 0.05 per 
cent alcohol in the blood but he has person- 
ally observed cases with 0.273 per cent and 
higher who showed no evidence of intoxica- 
tion. He has reported on cases with 
0.282 per cent and 0.291 per cent in the 
blood, but also without any clinical 
evidence of inebriety (although some of 
the subjects had actually been intoxicated 
on other occasions at much lower alcohol 
concentrations (Canad. Bar Rev., 1954, 32, 
2 These cases have also been reported 
in the Quarterly Journal of Studies in Alcohol, 
1941, 2, 35, and they make it quite clear 
that considerable circumspection is te- 
quired in coming to reliable conclusions 
about this difficult matter. It seems that 
the whole subject is due for a critical 
review. 

As has been indicated, Professor Kert’s 
volume has many points of great practical 
value. The student or graduate who 
browses through several textbooks un- 
doubtedly obtains a better perspective of 
the subject as well as a much sounder 
knowledge. In this respect Professor 
Kerr’s admirably illustrated contribution 
should fulfill a very considerable and useful 
function. 
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